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ON EIGHT COORDINATION 
Unt i l  the las t  twenty years only a few dis crete 8-coordinate t rans !-
tion metal complexes were known . 1 Increased interes t in 8- co .ordina tion 
has led t o  t he synthes is and charac terization of a gre at many 8-coordin-
ate compounds . Application of 3-dimens ional X- ray analysis has made 
s tructural determination of t hes e complexes much s impler . 2-5 Two 
configurat i ons dominate the s tereochemis try of dis cret e 8- coordination , 
the Dc.d s q uare antiprism and the D 2 d t riangular dode cahedron. 
Bo th of thes e s t ruct ures can be obt a
_
ined by dis tort ing the cube , a 
configuration not connnonly ob s e rve d .  A 45° ro tat ion of one s quare face 
of a cube ab o ut the perpendicular axis through that face r es ults in the 
ant iprism s t ruc ture shown in Fi gure la. Figure lb s hows that the dodeca-
hedron is a more compli cated distortion ·of the cub e , requir ing es senti-
ally a twis t  of about 35 ° and a fold in each of the remaining s quare 
faces . One may consider the dodecahedron to be a c ombinat ion of two 
dis torted tet rahedra , one e longated , 'the other flat tened , wi th 4 vertices 
in each of two perpendi cular p lanes .  This dis tort�on, s hown in Fi gure 2 ,  
demons t rates that the dodecahedron has two s ets of 4 equivalent vert ices , 
1St ephen J . Lippard , Pro gress in Inorganic Chemis �, �' 109 (19 6 7 ) . 
2
Wes ley D. Bonds , Jr . , and Ronald D. Archer, Inorg� Chem . , _!Q, 205 7 
(1971) . 
3Wes ley D . Bonds , Jr . , Ronald D . Archer , and Walter C .  Hamilton, 
Inorg . Chem. , lQ, 176 4  (19 7 1) .  
4Ronal d D. Arche r ,  Wes ley D .  Bonds , "Jr . , and Robe.rt A. Prubish, 
Inorg._ Chem.·, l!, 1550 (19 72) . 
50. Pioves ana and G. Capp uccilli, Inorg. Chem., Q, 1543 ( 1972). 
whereas ,  in the antiprism all eight vert ices are equivalent . 
I 
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Figure 1. (a) The D4d square antiprism and its relation to the 
cube 




Figure 2. Relationship of the dodecahedron to a pair o f  elongated 
and flattened tetrahedra 
N0 completely satisfactory expla.�at!on has been given for the occur-
rence of the specific geometries found in 8-coordinate compounds. Among 
the factors i nfluencing the spatial distribution  of the ligands about the 
central metal are ligand-central metal interaction, ligand-ligand repul-
sions ,  nonbonded electron repulsions , and cons traints  of polydentate 
ligands . 1'2'6-9 In early theoretical work both the dodecahedron10 
6D. L .  Kepert , �· Chem. Soc . , 4736 (1965). 
I 
7J. L .  Hoard.and J. v. Silverton, Inorg. Chem. , �, 235 ( 1963). 
aD. G .  Blight and D. L. Kepert , Inorg. Chem. , 11_, 1556 (1972). 
9R. v. Parish and P. G. Perkins , . .:!.. Chem. Soc . ,A, 345 (J.967). 
1 0George H . Duffey , J .  Chem. Phys . , _!§_, 1444 ( 19 50). 
and the antiprism11 were studied through application of a-bonding 
directed valence orbitals. In these calculations the greatest bond 
strengths were computed for the antiprism, but the difference in·going 
to the dodecahedron was not great. 
More recently, theoretical treatments of 8-coordination have been 
applications of ligand field theory, the investigators regarding 
ligand-ligand repulsions as the chief factor influencing the geom-
etry.6' 7'9'12'13 Results from computing ligand-ligand repulsions 
and from crystal field stabilization energy calculations show that the 
potential energy minima corresponding to the square antiprism and 
to the dodecahedron are very similar and that these stereochemistries 
are relatively easy to distort.8 
4 
Studic3 c= tha spectrccheraical14-16 and magr..etic13'17 properties of 
representative complexes have not met with complete success in determin-
ing favored configurations. Spectra obtained have usually been matched 
to results of ligand field theoretical calculations. Arguments consider-
ing energetic ordering of metal d orbitals as well as treatment of the 
11George H. Duffey, J. Chem. Phys., 18, 746 (1950). 
12Glinter Gliemann, Theoret. Chim. Acta (Berlin), !_, 14 (1962). 
13J. R. Perumareddi, Andrew D. Liehr, and Arthur W. Adamson, J. Amer. 
Chem. Soc., ..§2_, 249 (1963). 
14Edgar Konig, Theoret. Chim. Acta (Berlin), !_, 23 (1962). 
15 S. F. A. Kettle and R. v. Parish, Spectrochim. Acta, 21, 1087 (1965). 
16Thomas Veach Long, II, and Gregory A. Vernon, J. Amer. Chem. Soc., 
93, 1919 (1971). 
17B. R. McGarvey, Inorg. Chem., .2_, 476 (1966). 
5 
li gand elect rons have b e en mos t  often app lied t o  th e s tab le o c tacyanides 
of Mo ( IV) and (V) and of W(IV) and (V) . The ligand f ield theory , al-
-tho ugh us e ful for s pec tral as s ignments , does n o t  o f fer a comp lete bond-
ing p i c t ure.  
A mo re tho r o ugh des crip t ion of p roperties in a comp o und is given 
using mol e cular orb itals , us ually cons tructed from lin e ar combinations 
of the orbi t als o f  all the atoms of the molecul e. For comparing the 
compos i t i ons and s t ab i l i t ies of various configurat ions o f  a mo l ecule , 
one may i nclude inner e lectron orb itals as core orb i t als .18 Ac tual · 
calculations then in vo l ve valence orb i t als . In a t rans i tion metal com-
p lex, metal d, s ,  and p orb i tals and availab le cr- and �-b ondin g  li gand 
orbitals serve as functions
. 
for cons truc t in g  the o uter mo lec ular orb i tals . 
For many-o rb it al sys tems the symmetry o f  the mo lecule is us e f ul in s i mpli-
fying the calc ula t ions . A further s imp l if ication may b e  accomplished by 
app roxima t in g  s ome of the in tegrals by experiment al ly d ete rmined values . 
For the inves tigation o f  8-coordinate geo me t ri es , s tart in g  wi th the 
antip rism and the dodecahedron , molec ular orb i tals were cons tructed for 
[Mo ( C N) 8] 4-. The s truc t ure of the anion in t he K s al t  K4 [Mo(C N) 8] •2H20 
has been det ermined from 3-dimens ional X-ray ana�ys is 19 to b e  a dis ­
torted do d e c ahedron poss es s ing C8 s ymme try. Solut ion s tudies 1'- 17 of 
the Mo ( IV) and Mo(V) cy anides have shown the an t ip ri s m  t o  b e  a pos s ib le 
geome t ry als o .  
A great var ie t y  o f  shapes may b e  achieved in bo th con fi gurations 
18C. c. J. Roo thaan, Rev. Mod. Phys ., 23, 69 (1951). 
19J. L. Ho ard , T. A. Hamor , and M� D . Gl ick , J. Amer.  Chem. Soc . , 
90, 3177 (1968). 
by keeping the metal-to-ligand distance constant and varying the angles 
made by the ligands with the symmetry axis. The angles in Figure 3 were 
treated as parameters in the geometries; the Mo-C distance was held 
6 
constant at the average distance determined from the X-ray work. Result-
ing molecular orbitals and orbital energies were thus obtained for both 
the most symmetric polyhedra, the average structure determined from the 
X-ray data, and for a series of intermediate shapes for each configurat�on. 
One can distort the D2d dodecahedron in such a way as to arrive at 
the D4d antiprism. This distortion can be brought about maintaining D2 
symmetry in the intermediate structures. Molecular orbitals for this 
related structure were formulated .as a prelude for studying these inter-
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Figure 3. (a) Ant iprism ge ome trf given in terms of metal-to-ligand 
distance r and a ngle e b etw ee n the z axis and a ligand 
(b) For the dodecah e dron two a.ngles are necessary, eA 
and SB, made by the z a xis with .type A and type B ligands, . 
respectively 
IDEAS INVOLVED 
A physical system of n particles and f degrees of freedom may be 
described by a function 'i'(q1, • • • ,qf,t) of the coordinates a�d time. 
This function, c.alled the state function, can be chosen so that 'i'*'I' d-r 
represents the probability that the variables lie in the volume element 
dT at time t.20 If the function is normalized then 
!"1*"1 d-r = 1 1.1 
Electrons in a complex consisting of a number of atoms can be 
described considering each electron moving in the field of the nuclei 
and of the other electrons.21 The state function is then a function of 
7 
the coordinates of the electrons and nuclei in the complex. To calculate 
t�eoretical r�s�lts of physical meas�rements cf dyn�rd.�al vari�blc� c� 
representative samples of the complex, one may· subject "1 to a mathematical 
operation, written 
'i'' = 0"1 1.2 
where 'i'' is related .to the outcome of the measurement. The new function 
�· represents the change in "1 caused by the operate� 0. Wave functions 
and operator theory are described in many texts.20,22-24 
20Henry Eyring, John Walter, and George E. Kimball, Quantum Mechanics. 
New York: John Wiley and Sons, Inc., 1944, pp. 23-47. 
21Michael Tinkham, GrouE_ Theory and Quantum HP. chan ics . New York: 
McGraw-Hill Book Company, Inc., 1964,. pp. 1-5. 
22Henry Margenau and Ge org e M. Murphy, The Mathematics £.f Physics 
and _Chemistry. Princeton,· New Jersey: D. Ven N<?strand Com1,any, Inc., 
1956, pp. 333-430. 
2 3Eugen Merzbacher, Quantum :Mechanics, 2nd ed. New York� John 
Wiley and Sons, Inc., 1970, pp. i"39-170,294-419. 
8 
If the result of acting on a � with certain operators is to multi-
p ly it by some constant , this constant is called an eigenvalue , and ' is 
said to b e  an eigenfunction of O. 
Every dynamical variable can be assigned a linear operator ,  which 
is Hermi tian i f the ob servables are real . Hermitian operators have the 
property 0 � = O, where "t" denotes the Hermitian adj oint of the operator .  
t 
In matrix notation the Hennitian adj oint is  defined by Q = (Q)*, the 
complex conj ugate of the transpose .  It can b e  shown that Hermitian opera-
tors have real e�genvalues, and conversely ,  if the eigenvalues of an 
operator are real, the operator is Hermitian. 2 5 
For electrons in  a particular molecular system the Hamiltonian 
... operator has eige!lvalues corresponding to the allowed energy levels of 
the orbitals  of the molecule . The Hamiltonian operator depends on the 
coordinates and moment a of the particles and can be  written H(q J·'� -f.- , t ) . 1. o qj 
Its effect on a state function is  given by the Schroedinger equation 
H� = €� 1.3 
where € · is the energy of the system characterized by �- One can write 
down the total Hamiltonian for a complete system, but it  is  often pos-
sib le t o  regard each electron as moving in the field produced by the 
nuclei and  all other electrons. 
Equation 1 .  3, together with the variational theorem, can be employed 
24P. A. M. Dirac , The Principles of Quantum Mechanics. London: 
Oxford University Press , 1947, pp. 23-49. 
25George H. Duffey, Theoretical Physics. Boston , Mass.: Houghton 
Mifflin Company, 1973, pp. 130, 131. 
to calculate energies of molecular electrons from given state functions 
and to find the best approximate functions � to represent states of the 
system when the true functions are not known. One of the simplest ways 
to find state functions (orbitals) for a molecule is by forming molecu-
lar orbitals from linear combinations of atomic valence orbitals. The 
resulting molecular orbitals can be written 
�i = E Cij�j 
j 
1. 4 
where the $j's are atomic orbitals. From the variational theorem20t26 
the best set of coefficients cij minimize the expectation values of the 
energy of the system witp respect to the given set of atomic orbitals. 
The expectation value of the energy is given by 
for a function normalized to unity. 'Ihe series of equations which 
minimize £i with respect to the cij's have nontrivial solutions when 
the secular determinant vanishes: 
1. 6 
Here H has components 
1 . 7  
ar..d g has components 
1.8  
for real orbitals¢ . • Roots of the secular determinant are allowed 1 
energies Ei, and are used to evaluate the coefficients of the atomic 
orbitals in a given molecular orbital. 
�6G�orge H. Duffey, Physical Chemistry. New York: McGraw-Hill Book 
Compai.1y, Inc., 1962, pp. 164,165. 
9 
SOLUTION OF THE SECULAR EQUATION FOR A SYMMETRIC MOLECULE 
The symmetry that a molecular system possesses can be used to 
construct basis functions from atomic orbitals. The resulting secul.ar 
equation can then be factored, leaving a series of smaller secular 
determinants to be. solved. Th.is simplification is an application of the 
group theory which is thoroughly described in many texts.20,21, 25 The 
pertinent points will be briefly discussed here. 
The number and kinds of rotations, reflections, and rotation-
reflections that take a molecule into an equivalent structure determine the 
symmetry group to which it belongs. Valence atomic orbitals serve as 
basis functions for representing the group of the molecule. Usually 
this representation is reducible,* the decomposition indicated as 
r = r airi 2 . 1 i 
where ai is the number of times irreducible representation r
i appears 
in r. For a given operation R the character for R under representation 
r is related to the characters for R of the irreducible representatio�s 
by the expression 
x(R) = � aixi(R) 1. 2.2 
This result, together with the orthogonality relationship, can be used to 
find the a. ' s, 
]. 
appl ying 
a� = h-1 L xi(R)*X(R) i R 2.3 
The characters of irreducible representations for many groups have been 
*For matrix rep rese ntations , if the representation is reducible 
it is poss ible to  reduce the matrices representing all the elements of 
the group to b lock form (with the same block s tructure ) by the same 
similarity transformation, �i' = y-i�iy, i = 1,2 , • • •  , h. · 
11 
calculated and tabulated.27 
To deal wi th t he irreducib le representations one needs linear 
combinations of t he original basis set t hat the operations trans form 
only among themselves according to the given irreducible representation. 
These may be cons tructed using permutation matrices of t he original 
functions, or by set ting up a permutation t ab le for the basis functions. 
This table lis ts the results  of operating on t he b as is functions with 
t he group elements. One can then divide the valence  atomic orbitals 
into classes which are only mixed wi th  t hemselves under t he operatio ns .  
For a class of one the permutation matrix for eac h operat ion equals the 
character xi (R) for t hat operation under t he irreducible representation 
for which it serves as a basis function. For classes of functions which 
mix, one can use the permutation table and t he character table to 
construct the required linear combinations . If �i' (R) is t he result of 
operat ing on funct ion �i with R, t hen the linear combin ation for irreduc­
ible representation ri is  fotmd by forming the combinations20 
2.4 
If t he irreducible representation ri appears only once , t he tjJj (,µ1) 
will only transform into itself under t he operations; however, if the 
representation occurs more than once, some � (1JJ1) 's may mix. Basis func-
tions mus t then be formed from the appropriate linear combinations of 
the 1pj (tµ1) 's. Usually the result ing functi ons need to be  properly 
normalized. 
Once the basis functions have been chosen , coefficients of the 
2 7P. W. Atkins, M. S. Child, and C. S. G. Phi llips , T�l:.<=S For Gro�� Theory, Oxford U11iYersity Press, 1970. 
12 
molecular orbitals can be found solving a separate secular determinant 
for each irreducible representation, since there will be no elements of 
the secular determinant between functions belonging to different irreduc­
** ible representations. 
One needs to evaluate the integrals Hii' Hij> defined in equation 
1. 7 ,  and Gij> defined in equation 1.8 .  These can b e  expanded i n  terms 
of the real symmetry hybrid atomic orbitals �j (�i), written from here on 
as ,,, rj 'l'i • Using expression 1.4 we obtain 







k 1 Cj 11/Jl 
rj) 
'£ L f ri rj dT 
k 1 
cikcjl �k l/J1 
dT 
2.5 
Now the symmetry hybrid atomic orbitals are combinations of the 
original valence atomic orbitals W1 
l/Jkr
i = Nk E c'k11/J1 1 
2 . 6  
so that further expansion of 2.5 gives G .. in terms of the atomic valence 1J 
orbitals 
= E ·'£ cikcj1f(Nk '£ c ' km�m) (N1 L c ' 1n�n) d-r k 1 m n 
= L L cikCJ·lNkNl L E c'kmc'1uf�rn�n dT k 1 m n 
In the above expression the atomic overlap integrals 
2.7 
2.8 
may be factored out of the sums over k and 1. If the cbe fficient s C· · 1J 
and c' ij are a
ll real, we may define double-primed coefficients c" im 
by the equation 
2.9 
** 
This is a result of the orthogonality theorem. Set! for example 
Tinkham, p. 23, D�ffey, ref. 2 5, pp. 247-251, or Eyring, pp. 182-183. 
Then the Gij may be given in terms of atomic overlap integrals. 
G· · = I: E. c" · c" Smn 
l.J m n im jn 
2.10 
1 3  
In a similar manner the �j integrals can b e  expanded a s  a function 
of atomic repulsion and interaction integrals, hii and hij_ 
= E. E c"1mc"jnl¢mHt.IJn dL m n  
= � � c'' c'' h '-' '-' im jn nm m n  
where H is a one-electron Hamiltonian. 
2. 11 
. Thus the problem becomes one of evaluating the Smn, and hmn integrals. 
297557 SOUTH DAKOTA STATE UNIVERSITY LIBRARY: 
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SETTING UP THE SECULAR EQUATION FOR {Mo(CN)8]4-
I Atomic Overlap Integrals 
The atomic overlap integrals for Mo 4d , Ss, and 5p, and C 2s and 2p 
orbitals were computed using Slater-type orbitals of the form28 
�nllAI = NnlRnl (r) Yl , I Al(e , �) 
with the radial part a nodeless exponential given by 
R {r) = rn-1e-µr/aH nl 
3.1 
3. 2 
and the angular part Y l, I A I ( 8 ,,<f>) a standard spherical harmonic. 2 9 Here 
IAI is the absolute value of the magnetic quantum number m1, aH is the 
0 
first Bohr radius of hydrogen, 0.529167 A, and µ the reduced mass of 
an atom given by 
Zeff Z - s µ = --:-.1___ = -n - 3.3 
where s is the screening constant given for a particular elect ron in an 
atom of fixed configuration by Burns.30 
Brown and Fitzpatrick31 have shown that the Burns single-parameter 
functions are a marked improvement over the Slater £unctions in matching 
the value of more accurate analytic functions . Their work involved 
matching the overlaps with C 2pa and C 2pTI orbi tals, and computing and 
comparing the Slater-Condon repulsion integrals, a measure of outer 
28J. C. Slater, Phys. Rev., 1§_, 57 (1930). 
29Linus Pauling, The Nature o� the Che mical Bond. Ithica ,  N. Y.� 
Cornell University Press, 1960, pp. 576 577. 
tl-
30Gerald Burns, l_. Chem. Phys., 39 1521 ( 1964 ) . 316 
3 i-David A. Brown and Noel J. Fitzpatrick, ;!_. Chem. Soc., A, @ (1967). 
orbital properties. They have demonstrated that as one goes to higher 
transition series the Sd orbital values become much less accurate using 
the Burns functions, due apparently to £-orbital screening. For molyb� 
denum only 4d, Ss, and Sp orbitals are employed. 
15 
The µ values for carbon 2s and 2p using Burns' scheme are calculated 
assuming the configuration C ls2, 2s1-P, 2p3+p+qc, where qc is the charge 
on carbon, p the amount of C 2s to C 2p promotion. For molybdenum 4d, 5s, 
and Sp electrons screening constants are calculated for the configuration 
Mo 4s2, 4p6, 4d6-a-b-qMo, ssa, 5pb, where qMo is the charge on molybdenum. 
The Burns shielding parameters are listed in Table 1. 
Table 1. Contributions to Burns' screening constant s for 
electron i from each of the j other electrons 
elec- electron j 
tron 
i (n-l)s ns (n+l)s (n-l)p np (n+l)p (n-1) d nd (n+l) d (n-1) f nf 
ns . 90 . 40 .10 . 75 . 35 . 10 .so . 35 . 10 . 40 . 20 
np 1. 00 .so .oo . 90 • 3S .oo .70 . 3S . oo .30 . 20 
nd 1. 00 . 75 .15 1. 00 . so . os .90 . 3S . os . 20 
nf 1. 00 LOO .so 1. 00 . 75 . 15 .85 .so • 35 
The screening constants are given by 
s = • 90 (2) + • 3S < 3+p+qc) 3. 4a C, 2s 
s = 1. 00(2) + . 50 ( 1-p) + • 35 c2+p+qc) 3. 4b C,2p 
s· = 31. S + • 35 (5-a-b-qM0
) + .15(a) + . 05 (b) 3. Sa Mo, 4d 
s = 34. 3 + • 50(6-a-b-qM0
) + . 40(a-l) + . 35(b) 3.5b Mo, 5s 
s = 35.4 + • 70 (6-a-b-qM0) + . 50(a) + • 35(b-l) 3.5c Mo, Sp 
In 3.Sb ·and c no contribution is included if a-1 or b-1 becomes negative. 
The overlap for orbitals on atoms A and B is defined as 
Sab = Nna, laNnb,lb///Rna, la(ra)Rn_b, lb(rb) 
X Y1a, I '-a I (ea, �a)Y1b, I Ab I ( 61,' �) d-ra d-rb 3 .  6 
16 
where ra, ea' 4>a locate a point with respect to atom A and rb, eb, 4>b = 4>a 
locate the same point in a left-handed (1.h.) system on atom B. Overlaps 
are evaluated by transforming to prolate spheroidal coordinates ;, n, '.$, 
defined by 
� = ra + rb 3 . 7a 
rab 
n = ra - rb 
rab 
3 . 7b 
4> = 4>a = ¢b 3 . 7c 
Here rab is the distance between atoms A and B. Details of the method 
are given by Oakland�2 The actual calculation was carried out using a 
PORTRM; IV c omputer program written by L. Cusachs, et al. , 35 and modi-
fied by F. Nehring34 for the IBM 370 computer. Calculated overlaps agree 
approximately with those calculated by Mullikan, 35 and by Brown and 
Fitzpatrick. 31 Results are quoted in the discussions for each geometry. 
32Richard L. Oakland, M. S. Thesis, SDSU, 1966. 
33Louis Chopin Cusachs, Edward A. Boudreaux, and Lionel D. Dureau, 
Quantum ·Chemistry Program Exchange, Prog. 153, 1970. 
34Fred Nehring, personal communication, 1971. 
35R. S. Mullikan, C. A. Rieke, D. Orloff and H. Orloff, J. Chem. Phys. , 
17, 1248 (1949). 
II Coulomb h11 and Int eractio� hij Integrals 
1 7 
The values of the hii i�tegrals have been used as parameters in the 
calculation. This method of ap proximation, named after Wolfsberg and 
Helmholz, who employed it in calculating molecular orbitals for Mn04- , 
= - 36 Cr04 , and Cl04 , · has been used in semi-empirical molecular orbital 
calculations by a number of authors.37-43 The approximations used in 
this calculation are mainly modifications of tho'se introduced by 
Mullikan 3 5, 4 4 '45 an d  Wolfsberg and Helmholz. 3 6 
If hii represents the energy of an �lectron, located.in the ith 
orbital, and moving in the field of the nuclear skeleton and the remain-. 
ing electrons, it may be related to the ionization energy of that electron. 
For Mo orbitals hi::L is estimated as the negative of the valence state 
3 6Max Wol fsberg and Lindsay Helmholz, J. Chem. Ph�.: , 20, 837 (19 52 ). 
37G. Cj.ullo, C. Furlani, and A. Sgamellotti, J. Chem. Soc., A, 1299 ,  
(19 71). 
38M. S. Gordon and Herbert Fischer, J. Amer. Ch em. So�., 9 0 ,  2 47 1  
(19 6 8 ). 
39 C . J. Ballhausen and Harry B. Gray, Inorg. Chem., 1, 111 (19 6 2 ). 
40·Harold Basch, Arlen Viste, and Harry B. Gray, l.· Chem. Phys., 44, 10 (19 66). 
4 1L. L. Lohr, Jr., arid William N. Lipscomb, Inorg_. Ch_�_E!·, 1_, 22  (19 64). 
4 2 Rich a rd F. Fenske and Carol C. Sweeney, Inorg_. Ch:�m. , l, 1105 (19 64). 
43F. A. Cotton and T. E. Haas, Inorg. Che.E]_., ]_, 1004 (1964). 
44 (a) · R. S. Hulli.kan, .J. Chern. Phy�._, 23, 1833 ( 19 5 5) ; (b) ibid. , 
p. 1841; (c)_ ibid., p. 2338; (<l) fbid .. , p. 2 343. 
45R. S. Mullikan, .:!._. Che�. fE:.Y�·, 36, 3428 (19 68). 
ion i z at ion energies , as s umin g the appropria t e  charge , in the · manne r 
des c ribed by Bedon , e t  al . , 4 6  us ing atomi c energy l evels tabulated by 
Moore . 4
7  For Mo 4s 2 4p 6 4 d 6 -a-b --qM0 55 a5pb 
3 . 8 
Gro und s tat e va lue s  a .  and charge dep endenci es b .  that were emp loyed i i 
are lis t e d  in T ab le 2 .  
Table  2 .  Negat ive VSIE ar�.d charge dependenc e  for n l  e lec trans 
in various con figura tions 





4 d 6 
4d., 5s 
4 d 5 5p 
4d 5 5s 
'· d 4  � .... 5� ..,. J,j t' 
4ct 4 5s� 
4d 5 5 p  
4 d 4 5s 5p 
ai ( eV) bi ( eV) 
- 6 . 0 2 6 5  -8 . 1 1 5 6  
-12 . 299 5 - 4 . 39 9 7  
-9 . 8456 -10 . 24 63 
- 7 . 1042 -9 . 0500 
-9 . 3 5 2 3  - 7 .1:- 8 2 1  
- -i . 2 2 4 0  ..;..6 . 8000 
-5 . 8418 -7 . 2 39 7  
-7 . 09 5 7  - 5 . 9858  
=--==-
To calculate the VSIE for any given c on figura t i on one emp loys a 
wei ghtin g of the con fi gurat ions . The VSIE is then .the s um o f  ai + b iq 
for e ach con figuration contrib uting :  
3 . 9 
where 
3 . lOa 
18 
1.. 61-I.e len D. B edcn , S a l ly M .  Horner , and S .  Y .  Tyr ee , · Jr . :t _!:!_lo rg. Chem .  , 
)_ ,  6 4 7  ( 19 6 4) . 
4 7 C .  E .  Moo re , "Atomi c Ene.r gy Levels , "  Nat l . Bur eau o f:  S t a:i.dards 
Circular No . 46 7 ,  Vol . II I .  
4 8 L  . • Ch . C ' d J W <l R ·1d ouis �op in us acns an - . ame.s .:fr eyno . _s , J .  
S l60 ( 196 5 ) . 
E 2  = a2 + b 2qMo 
Es  = as + b 3qMo 
The w1 ' s  are found for Mo 4d elec t rons employing 
. 3. lOb 
3 . lOc 
4d 6-a-b 5s a5pb = w 1 ( 4d6 )  + w2 (4d s 5 s ) + ws (4d 5 5p ) 3 . 11 
whence 
6w 1 + 5w 2 + Sw 3 = 6 - a - b 3 . 12a 
W2 = a 3 . 12b 
3 . 12c  
and for Mo 5s electrons we have 
whence 
Sw 1 + 4w2 + 4w s = 6 - a - b - qMo 3 . 14a 
W 1  + W2 + 2w 3 = a + q�o 3 . 14b 
W2 = b 3 . 14 c 
Fo r Mo Sp elect rons data for only two con figurat i ons were avai lab le .  
No at t emp t  was made to  create data for a third con f igurat ion . Ins tead 
19 
a normalized weigh t ing of the two con figurations , giving a configuration 
closely reproducing the 5 s  and Sp dis tribution , was used.  In t erms . of 
the two available configurat ions , we have 
3 . 15 
with 
4d6-a-b-qMo5s a5pb+qMo = w 1 (4d5 5p )  + w2 ( 4d 4 5s5p) 3 . 16 
where 
3 . 17a 
3 . 17b 
1 
Thes e  w1 ' s  are normalized by mult ip lying each by b + , s o  that qMo 
3 .  l 7b b e comes 
' t - 1 ( ) W 1 + W 2  - b + W 1  + W 2 = qMo 
b + qMo = l b + qMo 
3 . 18 
S p e c i f i c  values emp loy ed are l i s t ed as hii ' s in t h e  s e c t i ons f o r  e ach 
geome t ry .  
Fo r CN- h i i  te rms , values we re es t ima ted t h a t  c l os e ly reproduced 
20 
cyan ide p ro p er t ies in HCN , as we l l  as in CN- . The val en c e  o rb i t al ioni-
z a t ion · en e rgy of the highes t b ondin g  o rb i tal was. cho s en so tha t i t  c ame 
c l o s e  t o  th e f i rs t i on i z at i on p o t en t ial o f  HCN . The s p li t t in g  b e tween 
7Tb and OlJ ,  as w e l l  as b e tween ab and rr* , 4 9  was chos en to repres e n t  
ene rgy leve l s p l i t t in gs ob s e rved in the X-ray pho to e l e c t ro n  s p e c t ra o f  
CN- " 0 and in a c c urat e M.' O .  c a l c ul a t ions f o r  CN , HCN , " 1 ' 5 2 a n d  CN- . " 3 - 5 9 
4 9 Gcrhard He rzb e r g , Molecular _§�_�t r9: �1�§ .�?.!.�u_J__�E g�uE!:�i;�-� I and 
III . New York : D .  Van Nos t rand Company ,. In c . , 195 0 . 
5 0 Wi l l iam H .  Mo rris on , Jr . , and David N .  Hen d r i cks on , Inorg . Ch em . , 
11 , 2 6 0 0  ( 19 7 2 ) . 
5 1Doro t hy C .  P an and L e l and C .  All en , ;!,_. Chem. Phys . , !±..§_, 1 79 7 ( 19 6 7 ) . 
3 2A .  D.  McLean , J .  Chem� Phys . , }]_ , 6 2 7  ( 19 6 2 ) . 
5 3 Ke i th F . P ur c e l l , J .  Ame r .  Chem. S oc . , �, 6 1 39 ( 19 6 7 ) .  
5 4Kei th F .  P urc el l , J. Ame r . Chem.  Soc . , .21_, 3 4 8 7  ( 1 9 69 ) . 
s :; J .  B. Mo f f a t  and H .  E .  Popkie , In t .  :I_. Quan tum Chem . , 1_, 5 6 5  ( 196 8 ) .  
5 6 Ro ger L. DeKo �k ,  Al l en C . S a ra p u ,  and Rich ard F .  Fens ke , Ino rg . 
Chem. , 1 0 , 3 8  ( 19 7 1 ) . 
5 7Ma urice Di xon and Graham Do g get t , l· Chem . S oc . , Far a d ay_ .I I , 69 , 
2 9 8  ( 19 7 3 ) .  
5 8 Ro s ann a Bonac cors i ,  Ca rlo P e t  rongo l o , Eo l o  S c r o cc o , · and Jncopo 
Tonas i ,  J .  Chem . Phys . , . 4 8 , 1500 (1968)  . . 
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Finally , va lues us ed b y  G ray , e t  al . , 5 9-6 1 i n  M . O .  c a l c ul at ions on 
he xacyan ides we re cons ide re d . 
The cal culat ion was in i t ially s e t  up t o  emp loy one ab and two 1Tb 
orb i t al s  on each cyanide , comb ined wi th the 9 Mo orb i t al s  for a t ot al o f  
33 o rb i t al s , p la c in g  34 elect rons in 1 7  b on d ing o rb it als . A s econd 
c.alcul a t i on w as p erforrrie d emp loyin g ob and tt;o TI* o rb it als on cyanide , 
p lacing 18 e le c t rons in 9 b ondin g orb i tals . Values us ed for val ence 
orb i tal ion i z at ion poten t ials (VOIP ) and charge dep en dencies are lis ted 
in Tab le 3 .  
Tab le 3 .  Negative VOIP and charge dependen ce fo r cyan id e  
ele c t rons 
The CN C b  o rb i tal  was const ructed as an sp 1-!yb r id o rb i t al o f  the 
form 
CN osp = ( s in a) 2s  -t (cos :a ) 2 p  3 . 19 
w i th a = . 2 5 ° , th e an gle at wh i ch op ti.-n.um overlap with. r esp ec t  to VOIP 3 9 
was comput ed . 
!5 9 John J .  Alexander and Harry B .  Gray , .J .  Ame r .  Chem . S o c_. , 9 0 , 1+260  
( 19 6 8 ) . 
6 0 John J.  Alexander an d Har ry B .  Gr ay , f9_�r_<!• Chem . Rev!_f::_�s ,  �, 29  
( 19 6  7 ) . 
5 1 P  . . T .  Manoharan and Ha rry B .  Gray , J .  A!ne r .  Chem . S o c .• , 8 7 , 3 340 
( 19 65 ) . 
III  Evaluation of hij Te rms 
The o f f-diagonal int egrals �j were approximate d us ing Cusachs ' 
modificat ion o f  the Wo lfsb erg Helrnholz formula 
3. 20 
that has been employ ed by Anderson and Drago : 
3. 21 
22 
Th.is was then evaluated us ing the atomi c overlaps and the valence s tate 
ioni zation energies des cribed in the previous s ections . All terms wer e  
expanded t o  the at omic leve l b efore the approximation was emp loyed . 
This expans ion makes the occurrence of rotat ional invariance in the ex­
press ion less likely . t Indeed , when a solut ion was s et up for the D 2 d 
dodecahed ron with axes ro t ated so  that z was cho s en as a C 2 ' a xis , rather 
than the symmet ry a�is , resul ts identical to  the ori ginal calcul ation 
were ob tained . 
The express ion 3. 21 gives expec ted ext reme b ehavior .  That is , when 
Sij = O, hij = G ,  nonoverlapping orb it als do no t int e rac t . Also , when 
1 b ecomes j and S ij + 1 ,  the expres s ion reduces t o  
3. 22 
the di agonal term for the i th orbital .  Formulas wh ich employ numerical · 
tt p aramet ers for fn ( S ij ) in 3. 20 do not exhib i t  this ext reme b ehavior • . 
6 2 S tanley E .  Anders on , Jr . , and Rus s el S .  Drago , Inorg. Ch em . , 11 , 
1564 ( 19 72 ) . 
tSee  foo tnot e 22 (b )  of Anderson and Drago . 
t-r . The except ion is fn ( S ij ) = 1 .  
r 
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IV Des crip t ion of the S . C . C . C . Calcul ation 
The calculat ion was carried out on an IBM 370 computer us ing FORTRAN 
IV pro grams des crib ed in the appendix . Init ial confi gurat ions on Mo and 
C were as s umed and the calculation was carried out until approximate 
s.elf-cons is t ent charges were obt ained . Then new confi gurations were 
assumed and the calculat ion repeated unt i l  the calcul ated char ges and 
configurations differed from the assumed values by no mor e  than ± . 01 . tt 
The energies , coe fficien ts of the at omic orb i t als , and orb i tal 
populat ions are report ed in the following s ections ·. Tot al bond ing 
energies , as well as the energy gap from the highes t occup ied to the 
lowes t unoccupied orb it al are computed and compared for the various 
symmetric and dis t orted s tructures . 
i'tFollowing Mullikan 4 4 a the elect ron populat ion Pj o f  atomic orbital �j in molecular orbi tal �i de fined in 1 . 4 
•1 = � Cfj $j 1 . 4 
is given by 
Pj = Cij 2 + � �ij c ik8j k  
i f  � i  c ontains one electron . 
3. 23 
THE D 2 d  TRIANGULAR DODECAHEDRON 
· I Bas is Fun c t ions f o r  the D 2 d Group for [ Mo ( CN ) 8 ] 4 -
Th e dode cahed ral con figura t i on , with n umb ering o f  l i gands , is 
shown in Fi gure 4. Pe rmanen t reference Cartes i an axes on th e c e n t ral 
me t al a r e  also i n d i c a ted . 
Fi gure 4 .  The D 2 d dodec ahed ron 
Two equiva l en t  s e ts o f  l i gan ds , typ e A ( 1 , 2 , 3 , 4 ) at 
an gle eA wi th the z axi s , and typ e B ( 5 , 6 , 7 , 8 ) a t 
an gle eB a re l o c a t ed at · d i s t an c e  r f rom th e c en t e r .  
24 
Th e dode cah ed ron has D2 d  s ymme t_ry and c an b e .  rep r es e n t ed b y  the D 2 d 
gro up . The charac t e r t ab le fo r D 2 d is given in Tab le 4 .  T ab l e 5 l i s t s 
the pe rmut a t ions o f  me t a l , l i gand a ,  an d l i gand 'ff x. and 1ry o rb i t als 
un der t h e  gro up o p e rat ions . LJ. gand o- and TI-b ond ing orb i t als are 
o r i en t e d  on c o ord ina t e  �yst em E i ( xr. i , Y7f i , Za i ) ,  as s h own in Figur e  5 .  




Figure 5 • . Orientat i on of ligand cr- and n-b onding axes with 
respect t o  central metal z axis 
center o f  the polyhedron . The Xrri axis is in the p lane con taining the 
z axis and the ith ligand , poin t ing towards ± z. 
Tab le 4 .  Charac ter t ab le for D2 d 
D : d E s :.  8 4- l C;:  <: - ' C :: " ff .. (f J '  . u. 
Ai 1 1 1 1 1 1 1 1 x2+y 2 , z 2 
A2 1 1 1 1 -1 -1 -1 -1 Rz 
B i 1 -1 -1 1 1 1 -1 -1 xy 
B :a 1 -1 -1 1 -1 -1 1 1 z , x2 -:y 2 
E 2 0 0 -2 0 0 0 0 (Rx , Ry ) (x , y) 
(yz , zx) 
The representat ion r ob tained us ing b as is Mo 4 d , 5 s , Sp orb itals 
2 5  
and l i gand a ,  nx , and Tiy orb itals can b e  decompos ed int o  the irreducible 
repres en t at i·ons o f · D 2 d as follows :· 
r = 
r • 
. met al 







+ 2A 2 + 3B 1 + 6B 2 + BE . 
+ B i  + 2 B 2 + 2E 
+ 2B 2 + 2E 
+ 2A2 + 2B 1 + 2 B � + 4E 
4 . 1  
4 . 2 a 
4 . 2b 
4 . 2 c 
Table s. Permutations o f  the metal 
the operat ions of D2 d 
orb ital E s ,.  s ,.  - 1 C 2 
4 dz 2 4d4 2 · 4dz 2 4d2 2  4dz 2 
4dx2 2 4d  x2-y 2 
-4d x2-y 2 
-4d x2-y 2 
4d x2-y2 -y 
4d . xy 4dxy -4d xy -4d xy 4dxy 
4dyz �� 
4 dyz 4 dzx  -4 dzx  -4dyz 
4dzx 4dzx  -4dyz 4dyz 
-4dzx 
Ss  Ss  Ss Ss Ss 
Sp z 5pz -Spz -Spz Spz 
5px Spx ·Spy �Spy -Spx 
Spy Spy 
-Spx . Spx -Sp y 
cr 1 cr 1 C1 3 cr 4 0' 2  
a 2 cr 2 (j 4 0 3  o· 1 
(] 3 (] 3 0·2 cr 1 CJ 4 
{j 4  cr ,.  C1 1 C12 C1 3 
0' 5 CJ 5 C1 8 C1 7 c:r 6  
C1 6 0' 6  a 7 cr a O' s 
C1 7 0' 7 cr s 0' 6  C1 8 
C1 8 er a er 6 O' s er 1 
1Tx 1 1Tx 1 1Tx3 1fx4 1Tx2 
'1Tx1 1T x 2 1T x1.t 1Tx3 1Tx 1  
1Tx3 1Tx3 1Tx2 1Tx1  1Tx4 
7T x4 1T x4 ir x 1 Tix2 1Tx3 
TTX5 1Txs Tix9 Ti x7 1TX6 
1Tx6 1TX6 1Tx7 1Txs 1Txs 
irx.1 1T x7 1Txs 1Tx6 1Txs 
1Txa 1Txs 1Tx6 Ti x5 1Tx1 
and li gand o rb i tals under 
C 2 t 
4d� 2 










0" 2  













C 2 I I  . cr� 
4dz 2 4 dz 2 
-4d x 2-y 2 
4d x2-y 2 
4 dxy -4dxy 
-4dz x  -4dyz 
-4 dyz 4dzx  
Ss Ss 




0 3  0 1 
O' 4 0 2 
C1 1 CJ 4 
0' 2  CJ 3 
CJ 7 c:r 6  
C1 8 CJ 5 
0' 5 .. cr 7 
C1 6 er a 
1Tx3 1T x1 
1Tx4 1T x2 
Ti x1 Ti xz. 
Tix2  7T x3 
Ti x7 7TX6 
7Txe 1Txs 
Ti xs 7T x7 
















cr ,.  
er s 
CJ 6 
O: a  
0 7 
1Tx2 








Tab l e 5 .  Cont inued 
orbit al E S 4 8 4- 1 ·c 2 C 2  ' C 2 " O'd ad ' 
TTy 1 11y1 --rry 3 --rry4 ny 2 TTy I+ 1Ty 3 --rry J. -1Ty 2 
1Ty 2 1Ty 2 -1Ty 4  -1Ty3 TTy 1 11'ys 1Ty4  -7Ty 2 --rry 1 
11'y 3 7Ty 3 -ny2 -ny 1  TTy 1+ 11'y2 7Ty 1 -rry 4  -rry s 
11'y4 1Ty1+ -1Ty 1 -1Ty 2( 7Ty 3 TTy 1  7Ty2 -1Ty s -1Ty4 
1Tys 1Tys -1Ty e  -1t'y 7 1Ty6 1Tye  1Ty 7 -1Ty6  -1Tys 
TTy6 '1ry6  -TTy 7 -ny s 7Ty s 1Ty 7 11'ye -1Ty s -1Ty6 
TTy7 '1ry 7 -1Ty s -1Ty 6 TTye 1Ty 6 'lry s -'Tfy 7 -TT ya 
TT ye 1Tya -1Ty 6 -'lry s 7Ty7 1Ty s 1Ty 6 -1Tya  -1Ty7 
In cons t ruct ing basis f unct ions one may divide the orb i tals into the 
followin g classes , which the .operations t rans form only among thems elves . 
Tab le 6 .  Clas ses o f  orb i t als permuted amon g themselves 
under operations of D2 d 
irreducib le 
Class orb i tals repres entation Class o rb it als 
C 1 4dz 2 A i C a C1 1 , 0'2 , 0' 3 , 0' 4  
C 2 4dx2 -y2 B2 C g  O' s  , 0' 6 , 0' 7 , 0'a 
C 3  4dxy B 1 C 1 0 7T x l , 7f x 2 ' 71' x 3 , 1T x 4 
C4 . 4ciyz , 4dzx E C 1 1 1Txs , 1Tx6 , 1Tx 7 , 7Txa 
C s 5s A i C 1 2  1Ty 1 ,  1Ty 2 ,  1ry 3 , 7Ty 4 
c 6 5pz B2 C 1 3 7Ty s , '1ry 6 ,  rry 7 ,  1Tya 
C 7  5px , 5Py E 
· 2 , 4 
Applying equat io � to clas s .C4 , · one ob tains for the · comb inat ion WE (4dyz ) 
· .  _$E ( 4 dy z ) - 2 ( 4dy z )  + 0 (4dz x) + 0 (-4dz x) - 2 (-4dy z ) 
+ 0 ( 4<lzx) + 0 (-4dzx) + 0 (-4 dyz ) + 0 ( 4dyz ) ' = t,. ( 4dyz )  4 . 3  
A s imi lar ap p l ic a t i on to Wsp zcr i  = cr i o f  c las s C a  y i e l ds f o r  repres ent a-
$A 1 (0 1 )  = 1 ( 0 1 ) + 1 (0 3 ) + 1 (0 4 )  + 1 (0 2 )  + 1 (0 4 )'  
+ 1 (0 3 )  + 1 (0 1 )  + 1 (0 2 )  
2 8  
wh i ch i s  on ly t rans f o rmed int o  i ts e l f  under t h e  o p e r a t ions . Appl i cat ion 
o f  this p r o c edure f o r  each i r reducib le repres en t a t i on y ie lds the b as is 
fun c tions l i s t ed in Tab le 7 .  He r e  W2P x1Ti and lJJ2 py1T i a r e  w r i t t en V xi and 
ny i , resp e c t ively . 
Tab l e  7 .  Symme t ry hyb r id atomic orb i tals c omp o s ing the 
mo l e c ular , o rb i t a ls of the i r reduc ib l e  r e p r e s en t a­
t ion s o f  D 2 d 
-= 
Rep r e s en- M�� t al L igand L i gand 
t 2t io'1 o rb i_ t ::i ls n-h ondin g o r b i t als 
A 1 ( 6x6 )  W 1A 1 = 5s \jJ 3A 1 = N 1  ( 0 1+0 2+0 3+0 4 )  
ljJ2 A 1  = 4d2 2 ljJ4A 1 = N2 ( o 5+0 6+0 1+0 8 ) 
A� ( 2 x2 ) 
B i  ( 3x3 ) ljJ 1 B i = 4dxy 
B 2 (6 x6 ) 1./J 1 B 2 = 5pz 1J; 3 B 2 = N ,3 (o 1+cr 2 -o 3-cr 4 ) 
w 2 B 2 /idx2 .-y 2 w 4 B 2 - N 4 ( o s+0 6 -0 7-cr a )  
E ( 8x8 ) 1JJ 1 E 5p x 1p 3E = N s (a �-cr � J  
1JJ 1 E '  = Spy 'lj; :;  E '  -· N 1 (cr 3 -u 4 )  
E 4dzx T'.' N 6 (cr 1 -cr s )  1JJ 2 = ;p 4 c = 
E '  4 dy z 
li' ' = N a (o s -cr 6 )  "(jJ 2 = t/J 4 '-' 
·=== =;;.:==:==:o=::============== 
Tr-b onding o rb i t als 
ljJs A 1 
ljJ6 A 1 
ljJ 1 A2 
tjJ 2A 2 
ljJ 1 B 1 
'lj;2 B i 
\jJ s B 2 
l}J 6 B 2 
l}J s  E 
'lj; s  E ' 
'lj; 6 E 
'lj; s  E '  
'lj; 1  E 
'lj; 1  E •  
"(j; s  E 










N g ( nx 1+1Tx2+1fx 3+1Tx4 )  
N 1 0 C 1Txs+1fx6+ 1Txi+1Tx•) 
N i 1 C Tiy 1 +Tiy 2 - Tiy 3- 1Ty4 )  
N 1 2 ( 1fy s+1Ty 6 -Tiy 1- 1fy � ) 
N 1 3 ( 1Ty 1+1Ty 2+Tiy 3+Tiy 4 ) 
N 1 4 ( �y 5+1Ty 6+Tiy 1+1Ty a ) 
N i s C �x 1+1Tx 2 -Tix3-1fx 4 )  
N 1 6 ( 1Txs+1Tx6- 1Tz 1- 1Txa ) 
N 1 1 ( 1Tx 1 -1Tx 2 )  
lh l ( 7f x 3 - 1T x 4 ) 
N i e ( 1rx 7-1Txe ) 
N 2 2 ( 1T x s -TI xo· ) 
N 1 9 ( r.-y s -'rTy 4 )  
N 2 :; ( 1Ty 1-'!Ty 2 ) 
N 2 o  Ciry s - 7fy 6 ) 
N �� Crr y 7:7f:i a_) 
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We only need to work with one set of 8 functions for the E repre­
sentation .  In Tab le 7 the primed functions are degenerate with the un­
primed functions . 
For each irreducible representat ion the expans ion o f  the terms of  
the secular determinant to  combinations of atomic orb i tal integrals Sij ' 
hii ' hij is performed applying equations 2. 5-2. 11. The atomic orbital 
overlaps are then evaluated us ing expre.ss ion 3.1-3. 7 .  The overlap 
between two atoms A and B depends on quantum numbers na and nb , la and 
lb , I Aa l  and I Ab l , the dis tance rab between atoms A and B ,  and on the 
reduced masses Va and µb . 3
2 Only pure cr- , n- ,  a -overlaps are evaluated , 
so that both the ligand-ligand and ligand-metal overlaps mus t b e  resolved 
in terms of  the pure overlaps . 
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II  Li gan d - l i gand Ove r l aps 
In o rde r t o  ob t ain ove r lap s o f  the pure a - an d pure n-b ond in g types , 
one t rans f o rms the c oord in a t e s y s tems E i ( Xrri , Yni , zo i ) on Li and 
rj ( xnj , Y nj , Za j )  on Lj t o  sys t ems E ij ( Xij , Yij , z ij ) an d rj i ( xj i , Yj i , zj i ) , 
shown in Fi gure 6 . 
M 
Y 1 C out ) 
Fi gure 6 .  L i g an d- l i gand ove r l ap coordinate axes 
-yj i (out)  
Two ro t a t ion s a c co�p lish th e r e s o lut i on . F i rs t ,  a coun t e r c l o ckwis e 
rot at ion ab out +za i by angle <Prri to coo rdinate sys t e m  1: i ' ( xi ' , yi ' , z 1 ' ) 
b rings the x_ · axis in t o the p lane d e f i ned by th e me t al and l i gan ds i --ii l. 
and j .  An e q u iva len t ro t a t i on by ¢·nj about z0j t o coordinate s y s t em 
Lj ' (xj ' , yj ' , zj ' )  b r ings Xrr j int o  the p l an e  a l s o . Th e t rans fo rma t ion 
eq u a t ions f o r  t h i s  ro t a. t i on are given b e l ow .  
l,. . S a  
Y rr i  4· .  Sb 
' Za . = Z .  1. 1 
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4 . Sc 
The s econd rotat ions are clockwise by cp • •  ab out Yi, and c ounterclock-1.J 
wis e by <Pj i about -yj to final coordinate sys tems E ij (xij ' Yi j ' z ij ) and 
Lj i (xj i ' Yj i ' zj i ) . The resul ting t rans formation equat ions are e xp ress ions 
4 .  6 for ligand i. 
and , a f te r  a 
ligand j 
x .'  = ( cos 1. 
y ' i = Yij 
z �  = ( s i� 1. 
change from a 
' X •  = J 
4> ij ) Xij -
<h · ) x . .  . J 1.J + 
r . h . s .  to 
( sin 
( cos 
<1> .  j ) z . .  1 l.J 
<f>ij ) Z ij 
a 1 . h . s . , expres s ions 4 . 7  for 
�j' = ( s in <lij i ) xj i + ( cos <J>j i) �j i 
whe re <1>j i = <P ij when ri = rj = r .  This resolu't ion gives p os i t ive 
1T ove rlap for both Xij and Yij p orb it als . For final t rans formation 
equations we have 
x1Ti 
YlTi ;:: 





( s in 
( s in 
( cos 




cp • •  ) x . .  1] 1J 
<P1T j cos 
<hj cos 
<f> j i ) Xj i  
<1> • • ) x · . 1.J l.J ( s in <f> rr i ) Y  ij ( cos <Pn  i s in <P ij ) z ij 
</> ij ) Xij + ( cos <b1T . ) y · . . 1 1.J ( s in <Pn i s in ¢ ij ) Z ij 
+ ( cos <P ij ) z i_j 
cp • • ) x . . J l.  ] J.  + ( s in ¢'IT j ) yj i ( cos 4'n j s in <i> j i ) zj i 
'1>j i ) Xj i - ( cos 4>1T j ) Yj i - ( s in tP1r j s in_ 4> j i )  z j i 
+ ( cos <P j i ) zj i  
4 . 6a 
4 .  6b 
4 . 6c 
4 . 7a 
4 .  7b 
4 . 7c  
4 • .  8a  
4 .  8b 
4 . 8c 
4 . 9a 
4 .  9b 
4 . 9 c 
The n -b cndin g orb itals are taken as c 2 p  orb it als ; the <J orb i tals 
are cons t ruc ted as hyb rid 2s-2p orb i tals given as 
4 . 10 
and in terms of  the L: i . ( xi . .  , y . .  , z . .  ) sys tem J J lJ lJ 
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tPcri = (s in a ) 1Jl2 s · + cos a ( Cs in cf>ij ) �J2p . . + ( cos cf>iJ. ) �12p . .  } 4 . 11 l XlJ Z 1J 
The ligand-ligand overlaps are of the types 2Pxir i-2Pxnj ; 2pX1Ti-2pY1Tj ; 
2Pyiri· -2Pyn·J· ;  sp0 . -Zpxir · = (s in �� (2s i-2Pxn · )  + cos a (2p 20 . -2Pxn · ) } ; 1 J J . 1 J 
sp0i-2pY1Tj - (
s in a (2 si-2Pynj ) +
cos a (2pZC'i-2pY1Tj ) } ; and sp0i-sp0j _ 
(s in2 a (2 s i-2s j ) + 2 s in a cos a (2s i-2p20j ) + 
cos 2a ( 2pZ0 i-2p20j ) } . 
Atomic overlap in tegrals can be  written as functions of  the quantum 
numbers n , 1 , � ml I ,  and the parameters p and T , which are relat ed to the 
in teratomic d is tance and reduced masses , d efined by 
P = � (µ i  + µj ) rij /aH 4 . 12 
T = ( µi � µj ) / ( µi  + µj ) 1 .. . 13 
Then the res olved atomic overlap components in the I: . . sy s tems may be 1J 
writ ten as 
(1Jl2si j  tP2s j i) = S (2 s , 2s , p , T ) 4 . 14a 
(1Jlzs ij 1Jl2Pzj i) S (2 s , 2p0 , p , -r ) 4 . 14b 
.(1Jl2pzij 1Jl2pzj :! = S (2 pcr , 2Pcr , p , T ) 4 . 14c 
(iJ;2 Pxij  $zP xj ) = s ( 2P7 p 2P7 p P ' T ) 4 . 14d 
�2Pyij \JJ2Pyj t = S ( 2pir , 2 pir , p ,-r )  4 . 14e 
Using thes e  express ions to  collec t like overlaps ,  s et t ing  cl> ij = <Pj i '  and 
employi)lg the no tation of Tab le 7 ,  we have the resolved overlap expres-
sions 
- (nxi 1T xj) = cos cf>ni cos <Pirj s in 2 ¢ij S (2 pcr , �Pa , P ,  T ) 
+ (cos cl>n · cos cf>n · cos 2 cf>ij - sin cl>n . sin cf>n . ) S (2pn , 2pir , P , T ) 4 . 15a i J 1. J 
cos cf>ni s in ¢nj 
s in 2 cf>ij S (2 p� , 2p0 , p , T ) 
+ (cos cf>n i s in cf>1rj cos 2 <P ij + sin <Pn i cos cf>.tr j ) S (2p1 p 2Pn ,p ,-r) 4 . lSb 
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(nYi�Yj) = s in ¢v,i s in ¢1Tj s in 2 <Pij S (2 p0 , 2 p0 , p , T ) 
+ ( s in ¢ni s in <Pnj cos 2 <Pij - cos <Pni cos 4>nj ) S ( 2 p n , 2P n , p , T ) 4 . 15 c  
(n1inXj) = s in � n i  cos <Pnj s in 2 <Pij S (2 p0 , 2p0 , p , T ) 
+ ( s in ¢ 1Ti cos <Pnj cos 2 <Pij + cos <Pn i s in 4>1rj ) S ( 2 p 7i , 2 p1r , p , T ) 4 . 15d 
�xio j) = -sin a cos <Pni s in cpij S (2 s , 2 p0 , p , T )  + cos a cos <Pni 
sin � ij cos <P ij (S (2 pn , 2 P1T � p , T ) - S (2pcr , 2 Pcr , p , T ) ) 
(cr
.
1nxj) = - s in a cos <Pnj s in <Pij S (2 s , 2 p0 , p , T ) + cos a cos <P nj 
s in <P ij c os <Pij (S (2pn , 2 Pn , p , T ) - S ( 2p0 , 2 p0 , p , T ) )  
�Yicrj ) = - s in a s in <Pn i s in <P ij S (2 s , 2 p0 , p , T ) + c os a s in ¢� 1 
c os <P ij s fo <P ij. (S (2p1T , 2 p1T , p , T )  - S (2 pa , 2Pc p P , T ) ) 
�inyj ) = -s ir. a s in <P nj s in 4>ij S (2 s , 2 p0 , p , T ) + c os a s in <Pnj 
s in 4>ij cos 4>ij (S ( 2 p � , 2 p1T , p , T )  - S (2pa , 2Pcr , p , T ) ) 
(o 1crj) = s in 2 a S (2 s , 2 s , p , T ) + 2s in a cos a cos <Pij S (2 s , 2 p0 , p , T ) 
+ cos 2 a ( cos 2 ¢ij S (2 p 0 , 2 p0 , p , T )  + s
in 2 <P ij S (2 pn , 2 Pn , p , T ) ) 
4 . 15e 
4 .  lS f 
4 . 15 g  
4 . 15h 
4 . 1 5i 
For the · d e t e rmination of l i gand-l igand overlap s for D 2 d  one evaluates 
rij ' <P ij , ¢1Ti ' �Tij for the various li gand- li gand comb inat ion s . Al l ri . J 
c an b e  found in t e rms o f  the parame t e rs r ,  eA , and eB de fin ed in Figure 4 .  
Cos <Pij an d  s in <Pij are defined as 
cos <P ij �rij / r 
k s in <Pij = . (1 - cos 2 <Pij ) 2 
4 . 16 
4 . 1 7 
In o rde r  t o  eva lua t e  <f>n · and <Pn · one needs t o  know the angles made 1 J 
by thf7 �i and x1Tj axes with the ove rlap p l ane con t ainin g Li , Lj , and the 
cen t e r .  Thes e angles can be de termined f rom the eq ua t ions for the ove r­
lap p ianes wi th r es p ec t  t o  the re ference axes on the c ent ral me tal ( x , y , z ) . 
The Xni axes al l fall in the p lane containing z and e i ther x o r  y . If  
the equations of  the two p lanes involved are 
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M1 = A 1 x + B iY + C 1 z 4 . 1 8 a  
M2 = A2 x + B 2Y + C2 z 




I A 1A2 + B 1 B 2 + C 1 C2 I 
+ B 1 2 + C 1 2 )�(A2 2 + B2 2 + C 2 2 )� 4 . 19 
This de termines the acute angle 4>n · ·  The actual angle o f  ro tation may · ]. 
be t 4>ni or  ± ( n - 4>n i ) and can be ob t ained from a figure o f  the polyhedron 
proj ected down the z01 axis . 
Tab le 8 lis ts the coordinates of  the D2 d li gands in t e rms o f  r ,  eA ' 
and eB . Tab le 9 gives the interatomic dis tances , s in ¢ij ' and cos ¢{j 
for the various types o f  ligand-ligand overlaps ,  along wi th shorthand 
notation des crib ing a p articular group of ligand-ligand overlaps . * Tab le 
10 lis ts s in cp . ,  cos <f>1Ti ' s in <h . ,  cos <f>n · for all cases  involved . Both 7T1 J J 
tab les us e the li gand numbering  o f  Figure 4 .  
Tab le 8 .  Cartes ian coordinates o f  dodecahedral vert i ces with 
res pect to the center 
vertex x y z vertex x y z 
1 r _-s in eA 0 r cos eA 5 0 r s in 6B . r cos 
2 -r s in eA 0 r cos eA 6 0 
-r  s in 8 B r cos 
3 0 r s in eA ·-r cos eA 7 r sin eB 0 - r  cos 





* Th is not ation was chosen when the computer program was s e t  up to 
calculate the various overlaps .  
..... 
Table 9 .  Re l a t i onship o f  ligand-ligand overlap d istances and angles to parameters describ ing 
the D2 d s truc ture 
over­
l ap 








1-2 ; 3 .... 4 
5-6 ; 7-8 
1-.3 ; 1-4 ; 
2- 3 ;  2-4 
5-7 ; 5-8 ; 
6 - 7 ; 6-8 
1-5 ; 1-6 ; 
2-5 ; 2-6 ;  
3- 7 ;  3-8 ; 
4-7; 4� 8 
1- 7 ; 2-8 ;  
3- 5 ; 4-6 
1-8 ; 2-7 ; 
3-6 ; 4-5 
=----' 
rij sin <f>ij cos <Pij 
2 r  s in SA 
2 r  s in 8B 
/2 r (l + cos 2 eA) 12 
- 2 12 12r ( l  + cos eB) 
cos eA 
cos 8B 
1 . Tz s in eA 
1 . .;2 s in eB 
sin eA 
s in eB 
1 72 (1 + cos 2 eA) � 
1 ../2 (1 + cos 2 6B ) � 
1 ,  
/2r (l - cos eA cos SB) �  1 1 72 ( 1  + cos eA cos eB)� 1 
1 72 (1 - cos eA cos eB)
� 
../2 r ( l + cos 
k eA cos 6B - s in 6A s in 6E ) 2 
1 . - (1 - cos  6A 12 
!!) 
/2 r (l + cos eA cos 6B + sin eA s in SB) -
1 ......,..... (1 - c os eA 12 
k co s 8B + sin 8A s in 6B ) 2  
1 (1  + . . ) � 72 cos 8A cos e B  - sin 6A sin 8B 
1 
cos eB - sin eA sin eB)� 
1 k .  72 (1 + cos SA cos 6B + sin 6A sin 6B) 2 
w V1 
Tab le 10 . Re lat ionships of the li gand X1T i , Y1T i ' to the reso lved overlap axes 









i j cos 4>1fi 
1 2 -1  
3 4 
5 6 - 1  
7 8 








5 7 -� a f 1 2 
6 8 
-
� 5 8 f , 
6 7 
- � b 
1 3 f 2 2 
2 4 
-
� 1 4 f 2 
2 3 









- ( cos 
- ( cos 
( cos 
c 











e ) - 1 f -� B ,, 
-� 
eA)
- 1 f 2 2 
_ 1 ... 
e A) - 1 f 2 �z 
- ( s in 8A) - 1 f 3 
-� 









-� f 1 : 
. f 2 
-
� 
f 2 -� 
- co t  eA 
- c o t  eA 
af i 2 b 2 2 0 cf = 2 + tan es ; · f 2  = + t an · A ; 3 
<t>1Tj 
-k 
f 3 2 
-� f 3 2 
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and Zcr i axes 





( cos e B ) - 1 f 1
-� 
- ( cos 6:£ ) - :. f 1 
-
� 
-.k cos  -k eA) - 1 f 2 z 
( co s  -� eA) - 1 f 2 z 
( s in 8B ) - 1 f 3 
-
� 
- ( s in 0B ) .... 1 f 3 -� 
Us ing the sho rthand n o t a tion , the l . h .  s ides o f  e xpressions 4 . 15 
become , .for examp le , for L c·L 2 overlaps 
( 1T x i 1T x 2 ) = Ax i x 2 = A.xx 
(1Tx 1 rr:..,.) Ax 1Y 2 - Axy 
4 . 20a 
4 . 2 0b 
(a 1 7r x) = Az 1 X2 = Azx 
37 
4 . 20c 
where the ligand subscripts are only included if Xxixj � XxkXm, and 
similarly , for y-y , z - x , e tc . , overlaps .  Here k and m may b e any o ther 
two ligands of  the same overlap type , including the case k = j and m = i. 
III Ligand-metal Overlaps 
The resolution of ligand-metal overlaps into pure o - and pure TI-
bonding compon ents is accomplis hed by performing two rotations on the 
central metal coordinate sys tem . The first is a counterclockwise rota-
tion ab out z by angle ai to coordinate system E r Cxr , yr , zr ) in which +xr 
is in the plane containing z and ligand i pointing towards the ligand. 
The second rotation is coun t erclockwise about +y 1 by angle bi to the 
system E r . ( x1 . ,y1 . , zI . ) in which z r . points towards the ligand. The · ]_ l. l. l. l. 
transformation equations for the first rotation by angle ai are 
3 8  
x = cos ai xr - sin ai YI 4 . 2 la 
4 . 2 lb 
z = z r 4 . 2 1c 
For the se cond · rotation on e obtains the t ransformation expressions 
x.r = cos bi xri + sin bi z ri 4 . 22a  
YI = YI1 !+ . 2 2b 
z r = -sin bi xri + cos b i z ri 4 . 2 2c  
In orde r t o  obtain positive 1T overlap with the lig.and Xrri , Y7ri axes , 
we make a change to a 1. h.s. by changing the appropri ate direction of 
x1 . or  YI · for the given ligand resolution . In the D2 d system for l. 1. 
ligands 1 , 2 ,  5 , and 6 , x.rr i = -xr1 is the required change ; whereas for 
ligands 3 , 4 ,  7 ,  and 8 , we have y7f 1. = -yr .  The two set s  o f  final 1 .  
t ransforma tion expressions a.re for L i'  L 2 , Ls , and L 6 
x == -cos a1 cos bi xri - sin ai Y!i 
+ cos ai s in bi z ri 4 . 2 3a 
y = -sin a ·  cos b i xri + cos a ·  Yri 
+ sin ai sin bi z r . 4 . 2 3b 1 l. l. 
z - sin b ·  xli + cos bi z1i 
4 . 23 c  1 
x = cos ai cos bi x1i + sin a1 y11 + cos ai s in bi z 11 
y = s in ai cos bi ' xr1 - cos ai Yri + sin ai s in bi  z 1i 
z = -s in b i  xri + cos bi zri 
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4 . 24a 
4 . 24b 
4 . 24c 
The overlaps for Mo Ss and Mo Sp orb itals with the ligands follow 
from the expres s ions above . We have 
(ss l cri) = s in a S (2s , 5s , P , T )  + cos a S (2pcr , 5s , P , T )  
(ss I '1Txi) = 
(sp z I nxl = 
(5pz I ny) = 0 




(spx l cri) = cos ai s in bi (s in a S (2s , 5pcr ,P , T ) 
+ cos a S (2pcr , 5Pcr , P , T ) )  
(spy I rr  x) = ±sin ai cos bi S (2Prr , 5prr , p , T ) {� 
(5Py l "y;> = ± cos ai S {2prr , 5Prr • P , T ) {� 
(Spy_ ! cri) = s in ai s in bi (sin a S (2s , 5pcr , p  ,-r )  
+ cos a S (2pcr , 5p0 , p , 1 ) )  
for i = 1 , 2 , 5 , 6  









= 3 , 4 , 7 , 8  
1 , 2 , 5 , 6  
3 , 4 , 7 , 8  
= 1 , 2 , 5 , 6 
= 3 , �+ , 7 , 8  
= 1 , 2 , 5 , 6  
= 1 , 2 , 5 , 6  
= 3 , 4 , 7 , 8  
Me tal d orb i t al-l i gand orb i t al overlaps are ob t ained by 
s ub s t i tut in g  express ions 4 .  23a-4 . 2 4 c  into the app ropriate quadratic-
f orms , rearrangin g ,  and in t roducing the proper d orb it a l  normali z a-
4 . 25a 
4 . 25b 
4 . 26a 
4 . 26b 
4 . 2601 . 
4 . 2 7a 
4 . 27b 
4 . 27c  
4 . 28a 
4 .  28b 
4 . 28c 
t ions . _Forms 4 . 29-4 . 3 3 foilow from expanding equa t ions 4 . 23 and 4 . 24 , 
and collecting terms . The orb it als in eq uat ions 4 . 34 have the 
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sign changes for posi tive � overlap in the D2d  sys tem. 
Zz 2-x2-y 2 = � ( 3 cos 2bi - 1) (2 z r�-xr �-y1� ) + � s in 2bi (x1 �-y1� ) 4 . 29 
x2-y 2 = � cos 2 ai s in 2bi ( 2 z 1�-x1�-y1� ) 
+ � cos 
- 2 s ip 
xy = � s in 
2 ai ( l  + cos 2b1 ) (x1 �-Yr� ) ]. l. - 2 
2ai 
2 ai 
s in bi y1iz11 + cos 2ai 
• 2b ( 2  2 2 2 ) sin i z 1 . -x1 . -Yr · ]. l. 1 
sin 2ai  cos b_1 xr1Yr1  
s in 2b 1 z lixii 
+ !1; s in 2 ai ( 1  + cos 2bi ) ( x1�-y1� ) + cos 2a · 1. cos b i xr1YI1 
+ cos 2a1 s in b i yli z11 + � s in 2.ai sin 2b i ?Ii  XIi 
y� = � s in ai s in 2b i ( 2 zr�-xr�-Yrr) 
� (s in ai s in 2b 1 ) C x1�-y1� )  - cos ai s in b i x1iYii 
+ c�s a1 cos b i y1izli + sin ai cos 2b i z1ixii 
zx = � cos a1· sin 2bi.· C 2 zr �-xr �-Yr � ) l. l. l. 
!.; cos c'.ii sin 2b 1 ( x1 � -Y 1 � )  + s in a1 1 1. 
Introducing the orb it al normalizations o f  Tab le 11 , we have 
d 2 2 2 = L ( 3 cos 2b 1· l ) d � 2 2 + _
{5
2- sin 2b1  d 2 2 2z -x -y � 2 z "'" x y x -y ri- ri- Ii I i Ii 
+ /3 - � sin 2bi d + for i = 1 , 2 , 5 , 6 2 z liXli 
13 d 2 2 = �2 cos 2 a1• x -y s in2bi d2 2 2 y 2 + � cos 2 ai ( l + cos
2bi ) 
z ri-xli- Ii 
s in 2 ai cos b ·  d i xriYii 
x d 2 2 - cos x11-Yri 
+ cos 2ai s in b.i dy!i zr i 
+ for i = 3 , 4 , 7 , 8  
for i = 1 , 2 , 5 , 6 
3 , 4 , 7 , 8  
for i = 1 , 2 , 5 , 6 
4 . 30 
4 . 3 1 
4 .  32 
4 . 33 
4 . 35 
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13 dYz = �2 s in ai s in 2bi d2 z T � -xr �-yr 2 - � s in ai· sin 2bi d 2 2 �i 1 i xri-Yii 
+ cos ai sin bi dxr iYii ± cos ai cos b i dYI
.
i z r i + 
for i = 3 , 4 , 7 , 8 
+ cos ai cos 2bi dz rixri 
- for i = 1 , 2 , 5 , 6  4 . 3 7 
13 dzx = -z cos ai s in 2b i dzzri-xrf-yri - � c os ai sin 2b i dxri-Yri 
- sin ai sin bi dxriYii 
± s in ai cos b1  dy 1 1z 1 i + for i = 3 , 4 , 7 , 8 
+ cos ai cos 2b i d z rixri - for i = 1 , 2 , 5 , 6 4 . 38 
Tab le 1 1 .  Proport ionality of d orbital �ormalizati onsa 
a 
orb ital  
d3z 2 -:-r2 




see Pauling , p. 150 . 
normalization 
· 1 0 /5/2 
13· 15!2 
� 
2 /3° /5/2 
2 /30 /5/2 
The ai and bi angle s  n e ces s ary for res olution may b e  obt ain e d  by 
' 
inspect ion , us ing Fl gure 4 .  The res ults appear in T able 12 . 
Tab l e  12 . Angles nece s s ary to res olve the metal coordinate 
system for ligand-me t al overlaps in th e  D 2 d do dec ahe dror. 
ligand 1 2 3 4 5 6 7 8 
a1 
J_ 
0 ·rr n / 2  3·rr /2  1r /2  3Tr/2  Q 7T 
I 
. .  " 
b i 8A 8A n- eA 
Tr- 8A eB 6B n- eB Tr- 8 B 
-= = 
Equat ions 4 . 39 -4 . . 4 3  give the res u l t in g  me t al d o rb i t al - l i gand or-
b it al ove r l ap exp res s ions . 




for i = 
for i = 
V•d3z 2-r 2 l cr i
) = � ( 3 cos 2bi - l ) (s in a S (2s , 4d0 , p , T ) 
1 , 2 , 5 , 6 
3 , 4 , 7 , 8 
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4 . 39a 
4 .  39b 
+ cos a S (2p0 , 4d0 , p , T ) )  
I I ) {- for i = \4dx2 -y 2  Trxi = ±�cos 2ai s in 2b � S (2pTr , 4dn , P ' t ) + fo r i = 
4 . 39c  
1 , 2 , 5 , 6  4 . 40a 3 , 4 , 7 , 8 
(4d 2 2 I 1Ty .) x -y J.: 
(4d 2 2 l o i.· > x -y 
{
+ for i = 
= ±s in 2 ai s in b i S (2pTr , 4dn , p , T ) _ for i = 
= 1 s i n 2b i cos 2ai (sin a S (2s , 4d0 , p , T ) 
3 , 4 , 7 , 8 
1 , 2 , 5 , 6  4 . 40b 
4 . 40c 
1 , 2 , 5 , 6 
3 4 7 8 4 . 4 1a. , ' , 
(4dxy I Try) 
(4dxy j oJ 
r- for i = 
= ± cos 2 a1 sin b i S (2pTr , 4dTr , p , T ) L+ for i = 
= 1 s in 2a1 s in 2b i (s in a S (2 s ,  4d0 , p , T ) 
+ cos a S (2p0 , 4d0 , p , T ) ) {- for i = 
= ±p in ai cos 2b i S ( 2pn , 4dn , p , T ) + for i = 
1 , 2 , 5 , 6 
3 , 4 , 7 , 8 
1 , 2 , 5 , 6 
3 , 4 , 7 , 8 
I {- for i \4dyz ! Try i) = ± cos a1 cos b i S ( 2pn , 4 dn , p , T ) + for i = 3 , 4 , 7 , 8 1 , 2 , 5 , 6 
(4dyz I d �  = 1 s in ai sin 2b i (s in a S (2 s , 4 d0 , p  , T ) 
, .  
+ c os a S (2p0 , 4d0 , p , T ) ) 
� for i = 1 , 2 , 5 , 6 
= ± cos ai cos 2b i S (2pn , 4� ,p , t ) l+ for i = 3 , 4· , 7 , 8 
l {- for i 
(4dzx l  Try� = ± s in ai cos bi S (2p1 p 4dn ,p ,. T ) + for i 
13 
(4dzx l a il = 2 cos ai s in 2b i (  s in a S ( 2s , 4d0 ,p ,-r )  
+ cos a S (2p0 , 4d0 , p , T ) }  
1 , 2 , 5 , 6  
3 , 4 , 7 , 8 
4 .  4 lb 
4 .  ti. le 
4 . 4 2a 
4 . 42b 
4 . 42 c 
4 . 4 3a 
4 . 43b 
4 . 43c 
4 3  
IV Elemen ts o f  the S ecular De terminan ts 
ri Normaliz a t ion s  for the syrranet ry hyb rid orb i tals �j defined in 2 . 6  
are det e rmined us ing equation 1 . 1 ,  together with expans ions 4 . 15 and the 
notation in 4 . 2 0 .  We have for rea l  orb i tals and coef f i c ien ts 
1 = J ,, , . ri � . r i dT = N · 2  I c '  " k  E c ' J· n S1Kn �J J J k J i N k 
from whi ch the normalization Nj is given by 
N j = ( l c ' j k c 1 j i S k9J -� 
k , i 
The normaliz at ion exp re s s ions be come for the 
N1 = � ( l + Az z + 2Czz ) -
� 
-k N 2 = � ( l + Y z z  + 2Bzz)  2 
� (l 
-� 
N9 - + Axx + 2 C}rx) 
� ( l 
-� Ni o  = + Y xx + 2Bxx) ·· 
for the A2 repres en t ation 
-� N i  1 = � (l + Ayy - 2Cyy) 
-� N i 2  -- � ( l + Yyy - 2 Byy) 
for the B 1 rep res en t a tion 
-� 
N2 3 = � ( l + Ayy + 2 Cyy) 2 
= � ( l -
� N i 4 + Yyy + 2Byy) 
for the B 2  repres en t a t ion 
-!.· N3 = � ( l + Az z - 2Czz)  2 
-� N 4 = � (l + Yzz - 2Bz z) 
-� 
N 1 s = 1� ( 1 + Axx - 2 Cxx) 2 
-� 
N 1 6 = � ( 1 + Y xx - 2 B xx) 
and for the E rep res en t ation 
A 1 repres ent a t i on 
4 . 4 4 
4 . 45 
4 . 46 a  
4 . 4 6b 
4 . 4 6c  
4 . 46d 
4 . 4 7 a  
4 . 4 7b 
4 . 4 8a 
4 . 4 8b 
4 . 4 9a 
4 . 49b 
4 . 49 c  
4 . 49d 
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N !S = N,. = ( 2  2Azz) -� 4 . SOa 
N 6 = Na = ( 2  - 2Yzz )
-11 4 . 50b 
N i 1 = N 2 1 = ( 2  - 2Axx) -11 4 . 50 c  
N i e = N2 2 = (2 - 2Yxx)
-11 4 . SOd 
N i 9 = N2 3 = ( 2  - 2Ayy) -� 4 . SOe 
4 . 50f 
All  the group overlap terms can be expanded in terms of  a tomic 
overlaps by applying expans ion 2 . 5 , then introducing e�uations 4 . 15 , 
toge ther with Tables 9 and 10 , and equations 4 . 2 5-4 . 2 8 and 4 . 39-4 . 4 3 
with the angles a1 and bi in Table 12 . The group overlaps for A 1 repre-
sentat ion are · given by 
G 1 ::a = '• N ( . • 1 \S l!l a· S ( 2 s ) 5s > p , -r) . + cos a S ( 2p 0 , 58 , p , ·r) ) 
G i '4 = 4 N2 (s in a S ( 2s , Ss , p , T) + cos a S (2p 0 , 5s·, p ,  -r) } 
G 1 s  = 0 
G u = 0 
G 2 3 = 2 N 1 ( 3 cos 2 SA - 1 )  (sin a S ( 2s  , 4 d 0 ,  p ,  -r) 
+ cos a S ( 2 p 0 , 4d 0 , p , -r) ) 
G 2 ,. = 2 N 2 ( 3 cos 2 6_s -1)  (s in a S ( 2 s , 4d 0 , p , T) 
+ cos a S ( 2 p 0 , 4d cr , p , -r ) )  
G2 :s :: 2 13  N 9 sin 2 e A s ( 2 p 7T '  4 d 1T' p , T) . 
G 2 6  = 2 13 N 1 0 s in 2 6B  S ( 2p 1T , 4d 1T, p , T) 
G3 ,. = 4 N iN2 ( 2AVz z  + AXz z + Dz z )  
G3 3 = 4 N iN9 (Azx + 2Czx) 
G 3 6 = 4 N 1N 1 o (AVz 1 Xs + -Avz l x. 6  + AXzx + Dz 1 Xs ) 
4 . Sla 
4 .  5 lb 
4 . Slc 
4 . 5 ld 
4 . S le 
4 . 5 l f  
4 . S l g 
4 . S l h 
4 . S l i 
4 . Sl j 
1+ . 5 1 k 
l� . • 5 1  � 
The group overlap for A2 representation is 
The group overlaps for B 1 representation are 
G 1 2 = 4 N 1 3  s in SA S (2p n , 4d n , p , T)  
G 1 s = -4 N 1 4  s in SB S ( 2 p n , 4d n , p , T ) 
G2 s = 4 N 1 3N 1 4 (2AVyy + AXyy + Dyy ) 
The group overlaps for B 2 representat ion are 
G 1 2 = 0 
G 1 s = 4 N 3  cos eA (s in a S ( 2 s , 5 p0 , p , T )  + cos a S ( 2 p0 , 5p0 , p , T ) )  
G 1 4 � 4 N 4  cos 8B (s in a S (2� , 5p0 , p , � ) + cos a S ( 2pa , 5Po , µ , T ) }  
G 1 5 = 4 N 1 s  s in SA S ( 2pn , 5Pn , P , T ) 
G 1 6 = 4 N 1 6 s in SB S ( 2 p n , 5 Pw , p , T ) 
G2 3 = 2 /3  N 3  s in 2 8A (s in a S (2 s , 4d0 , p ,,T )  + cos a S ( 2 p0 , 4 d0 , p  , T ) )  
G2 4 = - 2 /3 N 4  s in 2 6B (s in a S ( 2 s , 4d0 , p , T )  + cos a S (2p0 , 4 d0 , p , T ) )  
G2 s = � z N 1 5  s in z eA S ( 2 pn , 4 dn , p , T )  
G2 6 = 2 N 1 6 - s in 2 8B S ( 2 pn , 4 dn , p , T )  
G3 4 = 4 N 3N 4 ( 2AVz z - AXz z - Dz z )  
G3 5 • 4 N 3N 1 5 (Az x - 2 Cz x) 
G3 6  = 4 N 3N \ 6 (AVz 1 x :s + AVz 1 X6 AXz x - Dz 1 Xs ) 
G,. !\  = 4 N4N i s  (AVz 1 Xs + AVz 1 x6 AXzx - Dz a � 1 )  
G4 6 = 4 N 4N 1 6  (Yz_x - 2B z x) 
G� u = 4 N 1 s N 1 6 (2AVxx - AXxx - Dxx) 
4 5 
4 . S l m  
4 . S l n  
4 . S l o  
4 . 52 
4 . 53a 
4 . 5 3b 
4 . 53c 
4 . 54a 
4 .  54b 
4 . 54d 
4 � 54e 
4 . 54 £  
4 . 54g  
4 . 54h 
4 . 54i 
. 4 .  54j 
4 . 54k 
4 . 54t 
4 . 54m 
4 . S lm 
4 .  540 . 
The group ove rlaps for E repres entat ion are 
Gi 2 = 0 
G i 3 = 2 N s  s in eA (s in a S ( 2s , 5p0 , p , T) + cos a S ( 2 p0 , 5p 0 , p , T) }  
G i 4  = 2 N6 s in eB (s in a S ( 2s , 5p0 , p , T) + cos a S ( 2p0 , Sp0 , p , T ) } 
G i s = -2 N i 7 cos 8A S ( 2p rr , 5p rr , p , T ) 
G 1 6 = -2 N i e  cos eB S ( 2 prr , 5p rr , p , T ) 
G i 7 = 2 N i 9 S (2 p rr , 5Prr , p , T ) 
G i a  = -2 N 2 o  S ( 2prr , 5Prr , p , T ) 
G2 3 = /3 N 5  s in 2 eA (s in a S ( 2s , 4 d0 , p , T ) + cos a S ( 2 p0 , 4d0 , p , T ) } 
G2 4 = - IS N6 s in 2 eB (s in a S ( 2 s , 4d0 , p , T ) + cos· a S ( 2 p0 , 4 d0 , p , T ) ) 
G2 5 = -2 N 1 1 cos 2 eA S (2prr , 4drr , p , T ) 
G2 6 = 2 N 1 a cos 2 0B S ( 2prr , 4drr , p , T ) 
G2 1 = -2 N 1 9  cos eA S ( 2prr , 4d� , p , T ) 
G2 a = - 2  N 2 0  cos eB S (2p rr , 4drr , p , T ) 
G3 4 = 2 N5N 6 (AXzz - Dzz)  
G3 s = - 2  NsN 1 7 Azx 
Gs6  = 2 NsN 1 e (AXzx - Dz 1 xa ) 
G3 1 = 2 NsN 1 9 ( Cz 1Y 3 - Cz 1Y 4 )  
G3 a = 2 NsN 2 o (AVZ 1Y s - AVz 1y6 ) 
G4 s = 2 N6N 1 7 (AXzx - Dz ax 1 )  
G4 a = 2 N6N2 o (Bz sY 1 
Gs & =  2 N 1 7N 1 8 (AXxx Dxx) 
Gs 1 = 2 N 1 7N 1 7 (Cx 1y 3  - Cx 1 Y 4 ) 
Gs a  = 2 N1 7N2 0 (AVx 1y s - AVx 1y 6 ) 
4 6  
4 . 55a 
4 . 55b 
4 . 55c 
4 . 55d  
4 . 55e  
4 . 55 f  
4 . 55g  
4 . 5 5h 
4 . 5 5 i  
4 .  55j 
4 .· ssk 
'� . sst 
4 .. 5Sm 
4 . 55n 
4 . 5 50 
4 . 55 p  
4 . 55q 
4 . 55r 
4 . 55 s  
4 . 55 t  
4 . 55 u  
4 . 55x 
4 . 55y 
4 7  
4 . 55z 
The Hii  and Hij integrals are s et up emp loying the expans ion 
i j Hij = .L L c i k  CjR, l lJJkr H tJJl dT . k R, 
4 . SSaa 
4 . 5Sbb 
4 . 56 
and sub s tituting the express ion 3 . 2 1  in plac� of S ij in the expans ions 
4 . 15 for the ligand-ligand and 4 . 2 5-4 . 28 ,  4 . 39-4 . 43 for l igand-metal 
orbital overlaps . For example , the H 1 3  term o f  the A1 representation 
becomes 
H 1 3 = f tJ; 1A 1HtJ; 3A 1 dT 
= J 5s H (N 1 (a i + a 2 + a 3 + cr ,.) ) d-r 4 . 5 7 
From e4p ress ion 4 . 2 5a we have 
(ss l cri) = s in a S ( 2s , 5s , p , -r )  + cos a S (2p� , Ss ,p ; r )  4 . 25a 
I f  the express ion 3 . 2 1 is subs tituted into this expans ion , we have 
(ss I Ha :i) = �s in a S ( 2 s , S s , p , T ) ( 2 - I S ( 2 s , 5 s , P , -r ) I ) (Ho (Mo 5 s ) + Ho ( CN 2 s ) ) 
+ � cos a S (2 p0 , 5s , p , T ) (2 - l s (2p0 , 5s ,p , -r ) j ) 
x (H 0 (Mo5 s )  + H0 (CN2po ) ) 4 . 58 
where H0 (Mo5s ) is the negative of  the valence orb it al ion ization potential 
for a Mo .Ss electron calculated f r a m  data in Table 2, and employing ex-
pressions 3 . 8-3 . 10 , 3 . 13 and 3 . 14 .  _H0 (CN2s ) , Ho (CN2 po ) , an d Ho (CN2pn ) 
are computed from the data in Tab le 3 .  For Mo 4d electrons we define 
Ho (Mo4d ) emp loying definitions 3 . 8-3 . 10 and express ions 3 . 11 and 3 . 12 . 
S imilarly , H o (Mo.5p ) fol.lows from the defini tions and express ions 3 . 15-
3 . lB .  Thus the expans i_on · 4 . 57 becomes 
48  
H u = 2 N l (sin a S (2s , 5s , p ;-c ) { 2 - I S (2s , 5s , p , ·r ) j ) {H0 (Mo5s ) + ll0 (CN2s ) } 
+ cos a S (2pcr , 5s , p , T ) { 2 - j S (2pcr , 5s , p , T ) l } {Ho (Mo5s ) + Ho (CN2pa ) J ) 4 . �9 
This pr cedure is applied to the other interaction integral expans ions · 
as well .  For  the express ion of  Hii and � j  the following notation is 
used . 
f [ S ( 2s , 5s , p , T ) ] = � S (2s , 5s , p , T ) { 2  - j S (2s , 5s , p , T ) j } { Ho (Mo5s ) 
+ Ho (CN2s ) } 
f [ S ( 2p0 , 5s , P , T ) ]  = � S (2p0 , 5s , p , T ) { 2 - l s (2p0 , 5s , p , T ) l } {H o (Mo5s ) 
+ Ho (CN2pa ) } 
f [S (2s , 5Po , P , T ) ]  = � S (2s , 5 pa , P , T ) { 2 - f s (2s , 5pa , P , T ) j ) {Ho (Mo5p )  
+ H0 (CN2s ) } 
f [S ( 2 pn , 5Pn , P : T ) j  = � S ( 2 p1r , 5Pn , P , T ) { 2 - i s (2Pn : 5Pn , p , T ) ! ) £ Ho (Mo5p ) 
+ Ho (CN2p1T ) } 
f [S ( 2pa , 5p0 , p ; r ) ]  = � S (2p0 , Sp0 , p , -r ) { 2 - l s C2pa , 5po , P , ·r> I HHo (Mo5p )  
+ Ho (C�2 Pcr ) } 
f [S ( 2s , 4d0 , p , T ) ] = � S (2s , 4 d0 , p , T ) { 2 - l s C2s , 4da , P , T ) l } £ Ho (Mo4d) 
+ H0 (CN2s ) } 
f [s ( 2p0 , 4do , P , T )] = · � s (2po , 4da , P , T ) { 2 - I S (2p0 , 4d0 , P , T ) I HHo (Mo4d) 
4 . 60a 
4 . 60b 
4 . 60c  
4 . 60d 
4 . 60e 
4 .  60f . 
+ H0 ( CN2p0 ) }  4 . 60g 
f [S (2pn , 4d1T , p , T )] = � S (2pn , 4dn ,p , T ) { 2 - I S (2p1T , 4 dn , p , T ) I } {Ho (Mo4d) 
+ H0 (CN2pn ) }  4 . 60h 
For expanding liga.."'1.d-ligand symmet ry hybrid terms we employ the subs ti­
tutions 
fx [S C2s , 2s , p , ·r) ] = S ( 2s , 2s , p , T ) {2 - ! s (2s , 2s , p , T ) I }Ho (CN2s ) 4 . 6la 
49 
fx [s (Zs , 2p 0 , p, T ) ] = � S (2s , 2p 0 , p , T) {2 - I s ( 2 s , 2 p 0 , p , ·r) I } {H 0 ( CN2 s ) 
+ Ho  (CN2pcr) } 4 . 6lb 
fx [s (2p0 , 2p 0 , p , -r) J = s ( 2 p 0 J 2 p 0 , p ' ·r) {2 J S  (2p cr ' 2p 0 , p , T) I }Ho ( CN2pcr ) 
f X [ S ( 2.P TT , 2 p 1T ,  p , T) J = S ( 2p n , 2p lT , p , T) { 2 j s (2pn , 2pn , P , T ) J }Ho ( CN2pn ) 
Cons ider the H 3 4  term of the A 1 representat ion 
li3 4 = (N i <cr 1 + a 2 + a 3 + cr 4 )  I H N 2 (cr s + a 6 + cr 1 + cr a )  
4 . 6 lc 
4 . 6ld 
= N iN 2 ( (cr 1Hcr 5) + (cr 1 Hcr 6) + (cr 2Hos) + (cr 2HcrJ + (cr3Hcr 1) + (cr 3Hcr a) 
+ (cr 4Hcr 1) + (cr4Hcr a) + <a 1Hcr 1) + <cr2Hcrs> + (cr 3Hcr s) + (cr 4Hcr6) 
4 . 62a  
Upon collect ing terms involving like overlaps , we  have 
4 . 6 2b 
which , when expres sions 4 . 6 1 are substituted into the expansions 4 . 15 
becomes 
li 3 4 = 4N 1N 2 (2 s in 2a fAv [S ( 2s , 2 s , p ,-r ) ] + iii s in a cos a (1 - cos SA cos aB )� 
X fAv [S ( 2s , 2p0 , p , T ) ]  + cos 2a { ( l  - cos eA cos 8B ) fAv [S (2p0 , 2p0 , p , T ) J . 
+ ( 1 + cos S A cos 8 B ) fAv [S (2p'IT , 2p'IT , p , T )] } + s in 2a fAX [S (2s , 2s , p , T ) ] 
l 
+ If s in a cos a ( 1  + cos e A cos 6 B - s in SA s in G B ) � 
X fAX [S (2s , 2p0 , p , T ) ] + �cos 2a { ( l  + cos SA cos 8B - s in SA sin eB ) 
X fAX (S (2p0 , 2p� , p , T ) ] + ( 1  - cos 6A cos eB + sin 8A s in SB ) 
)( fAX [S (2p'IT , 2p 'IT , p , ·r )] } + s in 2 a £0 [s (2
s , 2s , p , T ) ]  + If s in a cos a 
� � 
J X ( 1 + cos 8A cos eB + s in eA . sin 8B ) f0 LS (2s , 2 p0 , p , T )  + � cos 2 a 
X { ( l + cos eA cos eB + sin SA sin 8B ) fo [S (2p0
, 2P0 � p , T � 
+ ( 1 - cos eA cos eB - s in 8A sin eB ) f0 [S ( 2pn , 2pn , p , T ) ] l )  4 . 62c 
S ince errors may nrise in t reating these extremely complex exp res sions ,  
we c ons ide r the (0 1 0 5) term given by 
s o  
(0 1 0 5) = s in 2a S ( 2s , 2 s , P , t )  + /2 s in a cos a (l - cos SA cos SB ) � 
X S (2s , 2p0 , P , T )  + � cos 2a [( l  - cos eA cos 8B ) S ( 2p0 , 2 p0 , p , T ) 
+ ( 1  + cos SA cos 8B ) S ( 2 p .1 P 2p.Tf' p , t ) ]  = AVzz 4 . 6 3 
and the (cr 1 Hcr!5) term as i t appears in expansion 4 .  62 , which results 
when 3 . 2 1 is subs tituted into 4 . 6 3 using the notation in 4 . 6 1 '  
(a 1Ha!5) == s in 2a fAV [S ( 2s , 2s , p , -r ) ]  + fi s in a cos a (l - cos eA cos SB )
� 
X fAV [S (2s , 2 pc J' p , -r ) J .  + � cos 2a { ( l  - cos 8A cos SB ) 
x fAV [S ( 2pa , 2Pcr , p , t ) ] + ( 1  + cos eA cos eB ) fAV [S ( 2 p1T , 2P1 p P , T )] } 
= f (AVzz )  4 . 64 
In like manner one can define f (AVxx) ,  f (AVyy ) , £ (.Dz z ) , • • •  for all the 
overlap exp res sions defined in equations 4 . 15 us ing Tab les 9 and 10 . 
Employing these functions , one ob tains for 4 . 62b 
H 3 4 = 4 N 1N 2 L2 f (AVzz )  + f (AXzz ) + f (Dzz ) ]  4 . 65 
which may be compared with the group overlap express ion G 3 4 in 4 . Slj . 
The H11 and Hij expans ions for A 1 repres entation are 
H 1 1 = Ho (Mo5s )  
H2 2 = H0 (Mo4d)  
H , 3 = 4 N 1 2 [s in 2a H0 (CN2s )  + cos 2 a Ho (CN2 pa ) + f (Az z )  + 2 f (Czz )] 
H4 4 = 4 N2 2 [s in 2a H0 (CN2 s )  + cos 2 a Ho (CN2po ) + f (Yzz )  + 2 f (Bz z )] 
H., !5  = 4 N 9  2 [Ho (CN2p1T) + f (Axx) + 2 f ( Cxx) ]  
Hu = 4 N 1 0 2 [H0 ( CN2p1T ) + f (Yxx) + 2 f (Bxx) ] 
H 1 2 = 0 
H u = 4 N i { sin a f [S (2s , 5s , p , T ) ]  + cos a f [S ( 2p0 , Ss , p , ·r )] } 
H1 4 = 4 N 2 { � in a f [S (2 s , 5 s , () ·,-r) ]  + cos a f [S (2pcr , Ss , p , ·r ) ] } 
H i s  = 0 
4 . 66a 
4 .  66b 
4 . 66c  
4 . 66d 
4 . 66e 
4 . 66 f  
4 . 6 7a  
4 . 6 7b 
4 . 67c  
4 . 6 7d 
H u = 0 
H2 3 = 2 N i ( 3  cos 2 eA - l ) {s in a f [S (2s , 4d0 , p , ·r) ] · 
+ cos a f [s ( 2p0 , 4d0 , p , T)] } 
H2 4 = 2 N 2 ( 3  cos 2 6B - l ) {s in a f [S (2s , 4d0 , p , T) ] 
+ cos a f (S ( 2p< P 4d0 , p , T)] } 
H2 5 = 2 ./3 N9 s in 2 eA f [S (2pn , 4 dn , p , -r )] 
H: u = 2 13  N J. o sin 2 eB f [S (2p7T , 4dn , p , -r) ] 
H s 4  = 4 N i N2 [2 f (AVzz )  + f (AXZz )  + f (Dzz ) ] 
H:s 5 = 4 N 1N9 [f (Azx) + 2 f ( Czx)] 
Hs 6 = 4 N 1N 1 o [f (AVz 1 x5 ) + f (AVz 1x 6 )  + f (AXzx) + f (Dz 1 xe ) ]  
li4 5 = 4 N2N9 [f (AVz 1x5 ) + f (AVz 1 x6 )  + f (AXzx) + f (Dz a x 1 ) ]  
H 4 6 = 4 N 2 N 1 o [ f (Y z x )  + 2 f ( B z  x) J 
H5 6  = 4 N QN i o [2 f (AVxx) + f (AXxx) + f ( Dxx) ] 
. The �i and Hij exp ans ions for A2 rep res en tat lon are 
H 1 1 = 4 N 1 1  2 [H 0 ( CN 2 p 7T) + f (Ayy ) 2 f ( Cyy )] 
H2 2  = 4 N 1 2 2 [H0 ( CN2pn ) + f (Yyy ) � 2 f (Byy ) ]  
H 1 2 = 4 N 1 1N 1 2 [2 f (AVyy) - f (AXyy ) - f (Dyy )] 
The Hii and Hij e xpans i ons f o r  
B 1 rep res en t a t ion are 
H 1 1 = Ho (Mo4d )  
H: a  = 4 N 1 3 2 [Ho ( CN2pn ) + f (Ayy) + 2 f (Cyy )] 
H3 3 = 4 N 1 4 2 [H0 (CN2pn ) + f (Yyy) + 2 .f (Byy)] 
H u =  4 N 1 3 s in eA f [S (2pn , 4dn , p ,-r) ] 
H u = -4 N 1 4 s in SB f [S ( 2pn , 4d1 p P ,- r)] 
R: u = 4 N 1 3N 1 4 [2 f (AVyy ) + f (AXyy )  + f (Dyy)]  
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4 . 67e 
4 . 67 f  
4 . 6 7g  
4 . 67h 
4 . 6 7i 
4 .  67j 
4 . 6 7k 
4 . 67t 
4 . 6 7m 
4 . 67n 
4 . 670 
4 . 68a 
4 . 68b 
4 . 69 
4 . 70a 
4 .  70b 
4 . 70c 
4 .  71a 
4 .  7 lb 
4 . 7 lc 
The Hi i and Hij e xp ansions for B 2 representation are 
H 1 1 = H o  (Mo5p ) 
H2 2  = Ho (Mo4d ) 
H3 3 = 4 N 3 2 [s in 2 a Ho (CN2s ) + cos 2 a Ho (CN2p0 ) + f (Az z ) 
H 4 4  = 4 N 4 2 [s in 2 a Ho ( CN2s ) + cos 2 a Ho (CN2p0) + f (Yzz ) 
li5 s  = 4 N 1 s 2 [Ho ( CN2p1T) + f (Axx) 
Hu = 4 N i 6 2 [Ho ( CN 2 p 1T) + f (Y�) 
H u = 0 
2 f ( Cxx)] 
2 f (Bxx)] 
H u  = 4 N 3  cos 8A{ s in a f [s ( Zs , Spcr , P ,-r)] . 
+ cos a f [S ( 2pa , 5Pcr , p , ·r )] } 
H 1 4  = 4 N 4  cos 8B { s in a f (S ( 2s , Sp0 , p , T )] 
+ cos a f [S ( 2pa , 5p0 , p , T) ] } 
H u = 4 N 1 5  s in SA f [S ( 2pn , 5P7T ' p , -r )] 
H u = 4 N 1 6  s in SB f [s (2p.T P  5p1T , p , ·r ) j 
H2 3 = 2 13  N 3  s in 2 8A{ s in a f [s (2s , 4d0 , p  , T )] 
+ cos a f [s (2p0 , 4dcr , p  ,-r ) J }  
Hu = -2 13  N 4 sin 2 eB { s in a f [ s ( 2 s , 4 do , p , T )  J 
+ COS a f [S ( 2p0 , 4da , p , T )] }  
H2 5 = -2  N 1 5  s in 2 8A f [S ( 2p7 p 4d1T , p ,-r) ] 
H2 6 = 2 N 1 6  s in 2 e B f [S ( 2p1T , 4dn , p , -r )] 
H3 4  = 4 N 3N4 [2 f (AVzz ) f (AXzz ) - f (Dzz )j 
Hu = 4 N 3N 1 5 [f (Azx) - 2 f ( Czx)] 
2 
2 
H u  = 4 N 3N 1 6 [f (AVz 1 xs )  + f (AVz i X6 ) - f (AXzx) - f (DZ 1 Xs )] 
H4 s = 4 N 4N i.s [f (AVz 1xs ) + f (AVz 1 x6 )  - f (AXzx) - f ( Dz e X 1 ) J 
H,. .. = 4 N 4N 1 6 [f (Yzx) - 2 f (Bzx)] 
f ( Cz z ) ] 
f (B z.z ) J 
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4 .  72a 
4 .  72b 
4 .  7 2c· 
4 .  72d 
4 . 7 2e  
4 . 7 2 f  
4 . 7 3a 
4 .  7 3b 
4 . 73c  
4 . 73d 
4 . 73e 
4 . 7 3 f  
4 . 73g 
4 .  73h 
4 . 73 i  
4 .  73j 
4 . 7 3k 
4 . 7 3t 
4 . 7 3m 
4 . 7 3n 
HH = 4 N i  sN 1 6 [2 f (Vxx) - f (AXxx) - f (Dxx)] 
The llii and Rij eAl'ans ions for E rep resentation are 
H 1 1 = Ho (Mo5p ) 
H 2 2 = Ho (Mo4d) 
H3 3 = 2 N5 5 [s in 2a Ho ( CN2s ) + cos 2a Ho (CN2pcr )  - f (Azz )] 
H,. ,. = 2 N6 2 [s in 2a R0 ( CN2s ) + cos 2a Ho (CN2p0) . - f (Yz z )] 
li5 5  = 2 N 1 7 2 [Ho (CN2p1T) f (Axx)] 
"' 
Hu =  2 N 1 e 2 [Ho (CN2p 1T) f (Yxx)]  
Hn = 2 N u �  2 (Ho (CN2p1T )  
Ha e = 2 N2 o 2 [}Io (CN2p1T )  
Hu = 0 
f (Ayy)] 
f (Yyy )] 
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4 . 7 30 
4 . 74a 
4 .  74b 
4 . 74c 
4 . 74d 
4 . 74e 
4 . 74f 
4 . 74g 
4 . 74h 
4 ·. 7 5a 
H1 3  = 2 N 5  sin e.A {s in a f [S ( 2s , 5p0 , p , T) ] + cos a f [S ( 2po , 5Po , P , T) ] } 4 . 7 5b 
H. u  = 2 Ne  s in 6B {sin a f [S ( 2s , 5pcr , P , T)] .+ cos a f [S ( 2p� , Sp0 , P , -r) ] } .4 . 7 5c 
H i , = -2 N 1 7 cos eA f [s (2p1T , 5p n , P , T)] 4 . 7 5d 
Hu =  -2 N 1 8  cos 8E f [S (2 p 1T , 5p 1T , p , -r)] 4 . 7Se 
H 1 7 = 2 N 1 9 f [s ( 2p 1T ,  Sp 1T' p j t) ] 
Hu =  -2 N 2 0 f (? (2p 1T, 5p 1T, p ) r) ] 
H2 3 = 5 N5 sin 2 8A {sin a f [s ( 2s ,  4dcr , P , T) ] 
+ cos a f [s ( 2 p 0 , 4d 0 , p ,  -r)] }  
Hh = - 5 N6  sin 2 8B {sin a f [s ( 2s  , 4dcr , P , -r )] 
+ cos a f [s ( 2pa , 4dcr , p , -r)] } 
H2 , = -2 N 1 7 cos 2 0A f [S ( 2p1T , 4d 7 p P , 't )] 
H:,u = 2 N 1 8 cos 2 � f [s ( 2 p 'lT , 4d 1T ' p '  T) J 
Hu = -2 N 1 9  cos 8A f [S ( 2p7 p 4d7 p p ,- r) ]  
Ru = -2 N 2 0 cos 8B f [S (2p1 p 4d-rr , P » T )] 
4 . 75f  
4 � 75g  
4 . 7Sh 
4 . 75i  
4 . 75j 
4 . 7 5k 
4 . 7 51 
4 . 75m 
5 4  
H3 ,. = 2 N5N6 [£ ( AXz z )  - f (Dzz ) ] 4 . 7 Sn 
Hu = -2 N5N i 1 f (Azx) 4 . 7 5 0  
Hu = 2 N5N 1 8 [ f (AXzx) - f (DZ 1 Xa ) ]  4 . 7Sp 
H3 7  = 2 N5N 1 9 [f ( Cz 1y 3 )  - f (Cz 1y 4 ) ] 4 . 7 5 q  
H3 e = 2 N5N z o [f (AVz iY5 ) - f (AVz 1y 6 )] 4 .  7 S r  . 
H4 5 = 2 N6N 1 7 [f (AXzx) f (Dz ax 1 )] 4 . 7 5 s  
H,. 6 = -2 N6N 1 s f (Yzx) 4 . 7 S t  
li4 7  = 2 N6N l 9 [f (AVz 5y 1 )  - f (AVz 6Y 1 ) ] 4 . 7 5 u  
H,. e = 2 N6N2 0  [f (Bz 5y 1 )  - f (Bz 5ye )] 4 . 7 5.v 
H, 6 = 2 N 1 .7N 1 e [f (AXxx) - f (Dxx)] 4 . 7 5W 
H5 .7 = 2 N 1 1N 1 9 [f ( Cx 1y 3 ) - f ( Cx1y 4 )] 4 .  7 5.x 
H, e = 2 N i 7N2 0 [f (AVx 1y 5 )  f (AVx1y6 )] 4 . 75Y 
. He 7 = 2 N i aN 1 9 [f (AVxsY 1 )  f (AVx6Y 1 )] 4 . 7 5 z I I 
H6 a  = N 1 eN 2 o (f (BxsY 1 )  - f (Bx5ye )] 
4 . 7 5 aa z 
H 7 9 = 2 N u �N 2 0  [f (AXyy ) - f (Dyy )] 4 . 7 Sbb 
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V Results for Dodecahedral Con figurat ions 
Init ial calculations were perfo rmed for the mos t  synnne t r ic , or hard 
0 
sphere model  (h . s . m . ) ,  with ligand-to-metal dis tance r equal to  2 . 163 A ,  
the average X-ray dis tance . 1 9 One may compute the h . s . m. angles b y  let-
ting dis tance LA-LA equal dis tance LA-LB in Figure 3b . This gives 
ir = 3 eA + eB 
eB = ir - 3 eA 
and ,  using the expressions in Tab le 9 ,  we have 
4 . 76a 
4 . 7 6b 
2 r s in eA = /2 r ( l  + cos eA cos eB - s in 6A s in eB )� 4 . 7 7a 
from which 
2 s in 2 9A = 1 + cos aA cos SB - s in 6A s in SB 
2 s in 2 6A - 1 = cos SA cos eB - s in 9A s in 6B 
Or, one may allow r 1 2 to  eq
ual r i 5 : 
2 r s in 8A = /2 r ( l  - cos 6A cos SB )
� 
from which 
2 s in 28A = 
cos eA cos eB = 
cos 8B = 
A third expres s i on results 





cos 6A cos 




from whi ch 
2 cos eA cos aB = s in 8A s in 6B 
2 cot 8B = tan 9A 
eB 
r i 1 equal r i s · We h ave 
4 . 7 7b 
4 . 7 8a 
4 .  78b 
4 . 79b 
From a an i· t e r at ion method , SA and e B w e r e  calculat.ed from :program emp loyin g 
5 6  
equations 4 . 76b and 4 . 7 9b to  seven decimal places . Values ob tained are 
eA = 36 . 8 4 6 7 2 5 8 ° and eB = 6 9 . 4 5 9 82 2 6 ° . 
In addi tion t o  the symmetric s t ructure , 36 geometries  were studied 
with eA varied from 3 2 ° to 4 2 °  in 2° increments for each of .s ix eB values 
from 6 7 ° to 7 7 ° • . All geomet ries were inves tigated twice employing the 
bas is sets des c rib ed on page 2 1 .  Th e  sys t ems· s tudied wi l l  be  referred 
to as 1 8  e lectron or 34 electron , symmetric or dis torted , g iving eA and 
The results · for the 18 e- basis set calculat ion for the symme t r ic 
dodecahedron are given in Tables 13-18 . Tab le 1 3  lis t s  the atomic over-
laps for lig and- l igand and ligand-metal orb i t als . The ligand-ligand 
overlaps calculated from equations 4 ·. 15 appear in Tab le 1 4 . Group over-
laps , n11 , and off-diagonal H · · · values f o .c  the ir reduc ib le: re p resen t at ions 1] . 
are given in Tables 15a- c .  Tab le 1 6  shows calculated root s  o f  the s ecu-
lar determinants , the allowed energy levels for the sys tem , and Tables 17 
and 1 8 give the A . O . coefficients and o rb i t al populat ions of the bonding 
molecular orbi tals • .  
Tab les 19-2 1 give the results for the 34 e- symmetric system. 
Tab les 19 a- c  lis t  the group overlaps Gij and values for Hii  and Hij • 
Cal cul a ted energy levels appear in Tab le 20 , and coeff icient s  and A. O . 
pop ulat i ons of  the filled molecular orbitals ap p ear in T ab les 2 1  an d 2 2 . 
A compari s on of  the total energi e s , energy gap f r om the highest  
occupied to  lowes t uno c cup ied orb i t al , and metal electron dis t rib u t i on 
are shown for al l geome t ri e s in Tab les 23-26 . Tab les 2 3 a and b l ist  
energies and gaps for  t h e  1 8  e - sys t ems ; Tab le 2 5  gives me ta l e le ctron 
distrib ut ions . In Tab le 24 a an d b energies and gaps for the 3 4  e-
5 7  
s t ruc t ures appear . Tab le 2 6  lis ts Mo valence elect ron d is t r ib ut i ons for 
the 34 e- calculations . 
Tab le 13 . Atomic overlap integrals us inr B urns s in gle-p arameter 
fun c t i ons 9 0  for dode cahedral Mo ( CN ) 8] 4 - o rb i t als , 
1 8  e- cas e 























0 . 0 4 3 5 84 0 . 10 6 6 0  0 . 1 7 5 68 0 . 0 4 7 8 3 2 . 
0 . 0 4 3 5 8 4  0 . 1 0 6 6 0  0 . 1 7 5 6 8 0 . 0 4 7 8 32 
0 . 0 4 3 5 8 4  0 . 106 60 0 . 1 7 5 6 8  0 . 0 4 7 8 3 2  
0 . 0 1 0 8 2 9  0 . 0 34 7 88 0 . 0 7 5 10 2  0 . 0 1 4 2 2 0  
0 . 00 2 2 4 12 o .  009 4 7 7 5 0 . 0 2 5882 0 . 0 0 3 6 9 8 1  
0 . 0 012 696 0 . 0059 006 0 . 0 1 7 3 6 3  0 . 002 2 8 4 8  
0 . 0 0 1 6 2 4 3  o.  0072 4 81 0 . 0 2 0 6 59 0 . 0 0 2 8 14 6  
(2s I 4dd l i gan(i-metal <zpcr ! 4dcr) . (2p7T j 4d1T) (2s ' ss) 
0 . 1 8 59 7 0 . 2 14 6 4  0 . 14 4 90 0 . 2 74 4 5  
(2 s j 5p0) (2Pcr I 5Pcr) (2pwj 5 p7T) �Pcr I ss) 
0 . 15 1 7 9 0 . 0 8 782 3 0 . 0817 80 0 . 0 34 0 8 3  
Tab le 14 . Ove riap s b etween dodecahedral ligand <1z i ' · 1Txi ' 1Tyi · o rb i t als , 18 e- cas e  
0 . 129 7 0  
0 . 129 7 0 
0 . 0 5 1359 
0 . 05 1359 
0 . 05 1359 
0 . 05 1359 
- . 0081 7 69 
- . 008 1769  
0 . 00074644 
0 . 00074644 
- . 0034 7 3 5  
- . 00 34 7 35  
0 . 0050114 
- . 0 47 832 
- . 04 7832 
- . 087Z56 
- . 087256  
- .  087256  
- ' 087256 
0 . 034870 
0 . 0348 70 
0 . 0032423  
0 . 0032423  
0 . 0022 848 
0 . 002 2848 
- . 002 8 146  
0 . 00000 
0 . 00000 
o .  0186 72  
0 . 0922 54 
- . 0 186 72 
- . 0922 54 
o .  0 17224 
- . 017224 
- . 005 5540 
·o .  oo s5540 
0 . 00000 
0 . 00000 
0 . 00000 
Q . 091654 
- . 091654 
0 . 07 1562 
0 . 0200 9 3  
o .  071562 
0 . 02009 3 
- . 012288 
- . 012288 
- . 0058853 
- . 005 8853 
- . 004 3828 
Q . 004 3828 
o . 006 3884 
(cr i I 1T ,_ .. · )  J ] 
0 . 00000 
0 . 00000 
- . 0 5 7 2 6 7  
0 . 089425 
0 . 0 5 7 2 6 7  
- . 0 89 42 5  
- . 0 3502 1 
0 . 03502 1 
0 . 00 7354 4 
- . 00 7 3544  
0 . 00000 
0 . 00000 
0 . 00000 
0 . 1 3 380 
0 . 1 3380 
0 . 1 3 380 
0 . 13380 
0 . 13380 
0 . 1 3 380 
0 . 06166 7 
0 . 06166 7  
0 . 02495 8  
0 . 0249 5 8  
o .  017850 
0 . 0 1 7 850 
0 . 020654 
Tab le 15 . (a) Group ove rlaps for 18 e- symmet ric dodecahedron 
(b ) Corre� ted VOIP ' s , Hii terms 
( c )  Off-.diagonal Hij t erms 
A i A 2 B 1 B 2 E 
G 1 2  = O .  0 G 1 2 = ..;. . 13 7 7 0 6  G 1 2 = 0 . 1 7 7 4 89 G 1 2 = 0 . 0  G 1 2  = 0 . 0  G 3 s = - . 105 5 6 3  
G 1 3 = 0 . 2 6 9 9 9 7 G 1 3 = - . 2 6 2 719 G 1 3 = 0 . 2 2 0 9 7 8  G 1 3 = 0 . 1 30 9 8 3  G 3 6 = - . 0 9 4 00 6 1  
G i 4 = 0 . 2 7 4 6 4 6  G 2 3 = - . 2 1 7 59 0  G 1 4  = 0 . 106484 G i 4 = 0 . 19 2 35 8  G3 7 = 0 . 0 1 5 4 39 1 
G i s = 0 . 0  G 1 s = 0 . 0 9 23 4 2 0  G i s  = - . 0 9 9 2 0 8 8  G 3 8 = - . 12 2 8 89 
G i 6 = 0 . 0  G i 6  = 0 . 1 5 1 5 5 1  G i 6 = - . 040 6 8 10 G 4 s = - . 1040 2 5 
G n = 0 .  2 3 1246 G2 3 -= 0 . 1 6 34 0 5  G 1 7 = 0 . 112 9 84 G 4 6 = - . 0 0 6 4 7 16 5  
G 2 ,. = - . 16 10 5 1  G 2 t.  = - . 4 3 7 9 2 1 G l B  = - . 11549 1 G i. 7 = 0 . 1 7  6 5 5 3. 
G 2 , = 0 . 2 2 6 4 7 2  G 2 s = · - . 1 309 2 7  G 2 3 = 0 . 344 9 6 0 G4 a  = - . 0 7 0 6 7 7 1  
G u  = 0 . 16 5 8 5 7 G 2 6 = - . 09 4 2 12 1  .G2 4 = - . 2 2 2 1 17 G5 6 = 0 . 14 3 1 1 5  
G 3 4 = 0 . 3 6 02 9 1 G3 4  = 0 . 11 7 5 7 7  G2 s = - . 0 6 1 6 7 32 Gs 7 = - .  0 1 1 6 32 1  
G 3 s = 0 .  69 0 34 3  G 3 s = 0 . 09 352 7 2  G 2 6 = - . 154 8 50 G s a = - . 39 9 7 30 
G 3 6  = 0 . 04 3 5 2 5 5  G 3 6 = 0 . 2 2 7 30 3  G2 1  = - . 160194 G6 7 = - . 1807 0 1  
G 4  s = - • 0 4 1 39.16 G4 5 = 0 . 12 6 6 7 6  G2'a = - . 0 7 1 7 9 56 G6 a = 0 . 0 3 4 4 8 6 4  G4 6  = - . 0 1 7 10 10 G ,. 6 = 0 . 0 3 2 3 4 3 5  G3 ,. = 0 . 1 2 5 89 6  G 1 a = - . 0 4 8 89 0 5  
G s  6 = O .  2 16 49 4  . Gs 6 = - . 0 2 19 0 2 1  
= 
(b ) 
A i A2 B 1 B 2 , E  
H 1 1  = -10 . 2 2 6 3  H 1 1 = -5 . 2 2 890 H 1 1 = -10 . 8663 H 1 1.  = -8. 0 304 7 R1 1 = -8 . 0 304 7 Hs !5 = - 3 . 2 3 5 9 3 
H 2 2 = -10 . 86 6 3  H 2 2 = -4 . 3 4 2 1 5  H 2 2 = -5 . 4 7 508 H2 2 = -10 . 8 6 6 3  H 2 2  = -10 . 8 6 6 3  H6 6 = -5 . 5 5 7 68 
H 3 3  = -15 . 529 3 li 3 3  = - 6 . 7 0444 li3 3 = -14 . 5014 li 3 3  = -12 . 2 2 8 6  H 1 1 = - 5 . 8 6 6 0 7  
H 4 4  = - 15 . 3578 li 4 4 = �12 . 4 5 81 li 4 4  = -13 . 54 8 3 He e = -5 . 6 3 7 4 6  Hs  , = - 7 . 509 I� 5 H , 5 = - 7 . 409 7 9  
H 6 6  = -5 . 69 2 19 H6 6 = -5 •. 6 7 829 
(c )  
A i A2 B 1 B 2 E 
IJ1 
H 1 2  = 0 . 0  H 1 2  = 3 . 3 1116 H 1 2  = -2 . 7144 3 H 1 2  = 0 . 0  H 1 2 = O . O  li35 = 3 . 0 2 2 10 c.o 
Table 15 . 
A 1  
H 1 3 = -6 . 6 1 2 6 9  
H 1 4 · = -6 . 72 6 55 
H i s = o . o 
H 1 6  = o . o  
I-1 2 3 = - 5 . 2 5 9 6 7  
H 2 4  = 3 . 6 6 308 
H 2 s  = - 3 . 46 35 5  
H 2 6 = -2 . 5 3 654 
li 3 4 = -8.  7 3 5 3 5  
Il 3 5  = - 1 . 9 80 8 1  
H 3 6 = - 1 . 24843 
ll 4 5 = 1 . 18722 
H 4 6 = O.  4 9 0 3 8 1  
H :s 6  = -4 . 1 1112 
(c) continued 
A2 B 1  
H 1 3 = 4 . 0 1 789 
Hu = 4 .  05354 
B 2  E 
H i s = -4 . 87 1 5 6  H 1 3 = -2 . 88 7 5 7  H3 6 = 2 . 6 9 3 9 9  
H 1 4 = - 2 . 34 749 li. 1 4 = -4 . 2 4 0 6 2 . li 9 7  = - . 4 3 52 19 
H 1 ;  = - 1 . 2 0 9 1 2  H 1  !5 = 1 .  2 9 9 04 H3 a = 0 . 3 5 1 8 12 
H 1 6 = - 1 . 9 844 1 H 1 6 = 0 . 5 3 2 6 7 6  H4 .5 = 2 . 9 7 5 30 
H 2 3 = -3 . 7 1 6 6 2  H 1 7 = - 1 . 4 7 9 4 1 H4 6 = 0 . 1819 0 6  
H2 t. = 9 . 9 604 7 H i e  = 1 . 5 1 2 2 5  li 4 7  = -5 . 0 5 4 4 2  
H 2 s = 2 . 2002 3 H 2 3  = - 7 . 84 6 0 7  H4 e = 2 . 0 16 2 8  
H 2 6 = - 1 .  44083 H 2 ,.  = 5 . 0 5 2 0 3  H5 6  = - 3 . 0 7 7 4 5  
li 3 4 = -2 . 7 8 8 89 H2 s = 0 . 9 4 3 2 0 0  li5 7 = 0 . 19 6 8 5 5  
H s s = -2 . 6 7 2 8 6  H2 6 = 0 . 2 36819 H 5 a = - . 0 3 3 4 0 7 9  
H 3 6  = -6 . 504 90 H2 7 = 2 . 44992  H6 7 = -4 . 0 4 5 3 5  
li 4 5 = - 3 . 62908 H2 a  = 1 .  0 9 80 1  H6 a  = - . 6 6 0 5 36 
H 4 o = - . 9 19 89 4  H.3 tt  = - 2 . 9 8 6 2 1 ll7 9 = o .  5 3 7 1 2 2  
H s 6 = 1 .  0 6 8 3 7  
Tab le 16 . Energy levels for [Mo ( CN ) a ] "- in the symmetric D2d dodecahedron , 1 8  e - case ( eV) a ,b 
A i  A2 B 1 B 2 E 
0 . 380 1 0 . 3 8 0 1  
- 2 . 9 2 0  - 1 . 67 3 - . 2 140 -1 . 6 2 2  - 1 . 6 2 2  
- 4 . 292 -2 . 500 -1 .  825  -1 .  803  - 1 . 803 
- 7 . 12 3  - 7 . 1 5 3  -6 . 9 35 -6 . 7 6 2 -5 . 29 1 - 5 . 29 1  
- 7 . 9 80 - 7 . 352 -6 . 74 6 -6 . 7 4 6  
- 14 . 0 14 - 1 1 . 317 - 15 . 179  -14 . 7 89 - 14 . 7 8 9  
- 1 8 . 305 - 16 . 0 6 3 - 1 5 . 4 17 - 1 5 . 4 1 7  
aTotal bon-;:g electron energy = -2 7 0 .  575 eV; bHighest bonding level-lowes t unoccupied level 
gap = 3 .  3372  eV . Vl \0 
Tab le 17 .  Coe fficients o f  eigenvectors for filled M. O .  ' s  o f  the 18 e- symme t ric dodecahedron 
ene rgy rep res en-
l evel t a t i on C 1  C 2  C 3 C 4 C s c 6 C 7 Ca 
- 1 1 . 317  B 1 - . 85095 7 0 . 2 51 78 7  - . 1 7 1 3 5 1  
- 14 . 014 A l  - . 04 6 3 4 5  0 . 5664 78 0 . 4 794 35 - . 5 32 316 0 . 16429 6  0 . 08854 3 
- 14 . 7 8 8  E - . 0 1 5 5 1 6  - . 5 2 6 7 7 1  - . 5 5 5 6 7 9  0 . 29 5509 0 . 0 39 1 20 0 . 0987 1 3 0 . 0 89 7 84 0 . 0 7 4 7 32 
- 15 . 179 B 2 0 . 002 398 o.  5 2 1 7 22  0 . 2 9 0 5 64 - . 5 69945  - . 0864 7 2 0 . 0749 07  
- 1s . - 411 E .:. . 154828  0 . 0 4 5 7 5 4  - . 382006 - .  7 2 1559 0 . 1 19 804 0 . 04 30 34 - . 17 16 55 0 . 1 172 17 
- 16 . 06 3  B 2 0 . 1 34 854 - . 014746  0 . 768598  0 . 312 6 50 0 . 139 9 0 5 0 . 2 0 7 8 5 7  
- 18 . 304 A 1 0 . 227433  0 . 024 304 0 . 560560 0 . 5 29 82 0  · 0 . 0 14 7 89 0 . 0 1 1840 
Tab le 18 . Orb i tal p op ul a t i ons fo r b onding levels in 18 e- syg tem ,  cal culated from as sumed 
Mo 4d s . 1 s 9  ss · 2 4 4 s  Sp • 3 4 7 s a ; C 2 s · 2 4 s _ 2p 3 . 9 & 6 1 2 s  ; qMo = 0 . 249 ,  qCN = - . 5 31125 , 
qN = - . 3 , qc = - . 2 3112�c 
energy . rep res en-
lev e l  t a t i on p op i POP 2 p op 3  p op 4 p op s  p op 6  pop 7 p op e 
- 1.1 . 317 B 1  0 . 80629 7 0 . 1290 7 4  0 . 064629 d 
- 14 . 0 14 A1  0 . 002924  0 . 4 6 1 6 6 2  0 . 201998  0 . 25 11 7 5  0 . 0602 7 8  0 . ()2 19 62 
- 14 . 7 8 8  E 0 . 000587 0 . 4 3 2 7 6 5  0 . 401995  0 . 102 0 79 0 . 004582 0 . 0 2 5 2 3 5  0 . 0 2 0 6 2 7  0 . 012 131 
-1 5 . 179  B 2  0 . 000022 0 . 4 36 7 7 1  0 . 0924 7 9  0 . 44029 9 0 . 017400 0 . 0 1 3029 
- 15 . 4 1 7  E 0 . 0 60 4 18 0 . 003627  0 . 195240 . .  0 . 62 1211 0 . 0 312 1 7  0 . 00 3 1 4 1  0 . 056494 0 . 0286 50 
- 1 6 . 06 3  B 2  0'. 0 5 1 569 0 . 000 366 0 . 686420 0 . 140 15 6  0 . 03654 7  0 . 084942 
- 1 8 . 304 Ai 0 . 119 242 0 . 00179 7 0 . 4 5 9 6 6 6  0 . 418303 0 . 000586 0 . 000407  
�-::= 
b c . aCa lculat ed valu.es are Mo 4d 5 " 1 5 9 3 5 ss · 2 4 4 3 3 Sp . 3 4 7 2 1 ; c 28°2 3 8 0 6  2p 3 • 9 9 3 0 8 ;  qMo = 0 . 249 11 1 , qcN = - . 5 3 11388 , qN = - . 3 , qc = - . 2 311388; dhere � i  popi = 1 .  
°' 0 
·Tab le 1 9 . 
Ai 
G 1 2 = 0 . 0 
G 1 s = 0 .- 2 8049 7  
G 1 4 = 0 . 2 8 5 333 
G 1 s == 0 . 0 
G 1 6  = 0 . 0 
G2  s = O .  2 2 89 72 
G 2 4 = - . 159 4 70 
G2  s = 0 .  2 2 2 69 2  
G 2 6  = 0 . 1 6 306 3  
G 3 4 = 0 .  360364 
Gs , = 0 . 0 6 9 0 7 01 
G 3 6 = O .  04 35 3 69 
G ,. 5 = - . 04 1409 8 
G 4 6 = - . 0 1 7089 3 G s 6 = 0 . 2 159 87  
A i 
H 1 1  = -1 1 . 06 7 7  
H 2  2 = -11 . 9 836 
ll 3 3  = -15 . 7136 
ll 4 4  = -15 . 3651 
li 5 5  = -13.  87 17 
H 6 6 = -12 . 49 1 1  
A 1 
H 1 2 = 0 . 0 
(a) Group overlaps for 34 e- symme t ric dodecahedron 
(b ) Corrected VOIP ' s ,  Hi i  terms 
(c) Off-di agonal Hij values 
A2 B 1 . B 2 
G 1 2  = - . 13739 2  G 1 2  = 0 . 1 74492 G 1 2 = 0 . 0 
G 1 3 = - . 2 5 832 7 G 1 s  = 0 . 2 3 7 874  
G H = - . 2 17056 G 1 4 = 0 . 114631  
G 1 s  = 0 . 102 1 3 8  
G 1 6 = 0 . 16 7 6 16 
G2 3 = 0 . 1617 85 
G2 4 = - . 4 3 3 59 9  
G 2 s = - . 12 8741 
G2 6 = 0 . 0 9 2 6 3 2 1  
Gs 4 = 0 . 117 642 
G3 5 = 0 . 09 35008 
G s 6 · = 0 . 2 2 7 2 80 
G4 s = 0 . 126700 
G1.t 6 = 0 . 0322902  
G 5 6 = - . 02 19 2 5 2  
(b )  
A2 B 1 B 2  
H 1 1  = - 1 1 . 9 4 79 H 1 1 = . - 11 .  9 8 3 6  H 1 1 = -8 . 4 6 7 2 2  
H2 2 = -11 .  7 15 7  H2 2  = -12 . 12 34 H 2 2 = -11 . 9836 
li3 3 = -13 . 3 7 5 5  ll3 3  = -14 . 6945 
li4 4 = -12 . 2004 
H s s = - 13 . 8435 
H 6 6  = -12 . 903 7 
-
(c) 
A2 B 1 B 2  
H 1 2  = 3 . 15581 H 1 2 = -3 . 99037  H 1 2 = 0 . 0  
E 
G 1 2 = 0 . 0 G 3 5 = - . 105543 
G 1 3 = 0 . 141008 G 3 6  = - . 09 40182 
G 1 4 = 0 . 20 7 0 7 3  G3 7 = 0 . 0 1 5 39 7 4  
G 1 5  = - . 109 701 Gs e = - . 12 2 88 7  
G 1 6 = - . 044 9 9 0 3  G4 5 = - . 1039 8 6  
G 1 7 = 0 . 124 9 6 3  G 4 6 = - . 00645143  
G 1  a = - . 12 7 7 2 9  G4 1 = 0 . 1 7 6 5 5 5  
G2 3 = 0 . 34 1 5 6 5  G4 e = - . 0 7 0 5 8 2 7  
G2 4 = - . 2 19 9 2 3  G.5 6 = 0 . 14 2 7 58 
G2 s = - . 0 6062 5 7  Gs 7 = - . 0 1 15 706 
G2 6 = - . 15 2 2 L� 3  Gs e = 0 . 0 39 7 9 5 6  
G2 1 = - . 15 7 5 1 1  G6 7 = 0 . 1 80 32 3 
G2 8 = - . 0 7 0 5 88 5  G6 e = 0 . 0 34 35 6 5  
G3 4 = 0 . 12 59 7 3  G 1 a  = - . 048 7 2 8 1  
E 
H 1 1 = -8 . 4 6 7 2 2  H5 5  = - 1 1 . 05 7 6  
H2 2 = -11 . 9 8 3 6  H6 6 = -12 . 5 762  
li3 3  - - 11 . 7 2 59 H 7 7 = - 13 . 18 6 5  
li4 4  = -13 . 4 3 59 He e = - 12 . 6 740 
E 
°' 
H 1 2 = 0 . 0 H 3 5 = 2 . 66 7 8 5 � 
Table 19 . 
A1  
H 1 3  = - 7 . 02 344 
H 1 4 = - 7 . 14452 
H 1 5 = o . o 
H 1 6 = o . o  
H 2 3  = - 5 . 4 1 8 75  
H 2 ,. = 3 .  7 7 39 5  
H 2 s  = - 5 . 09 2 6 3 
H 2 6  = - 3 . 2 9 0 1 1  
li 3 4  = -9 . 5 7 159 
H 3 s  = - 1 .  7 382 1 
H 3 6  = -1 . 09 749 
H,. , = 1 .  04 387 
ij.4 6  = 0 . 4 4 15 2 5  
Hs 6 = - 5 . 09 7 9 4  
(c)  con tin ued 
A2 B 1  . 
H 1 3  = 5 . 9 0 7 5 5  
H2 s = 5 . 1362 3 
B 2 E 
1 1 1 3  = -5 . 3052 2  H 1 3 = - 3 . 14485 H3 6 = 2 . 3 7 30 3  
Il 1 4 = -2 . 5 5 6 58 H 1 1t  = -4 . 6 182 7 li 3 7 = - . 400886 
H i s = -2 . 0 5 8 2 4  H 1 5 = 2 .  2 10 6 5  H3 e = 3 . 10 62 7 
H i0 6  = - 3 .  3 7 7 7 2 H1 6 = 0 . 9 0 6 6 2 4  H 4 s = 2 . 6 3 2 0 1  
l l2 3 = - 3 . 82 8 7 3  H 1 7 = -2 . 5 1820 H4 6 = 0 . 1 6 7 9 3 4  
ll2 4 = 10 . 2 6 1 39 H i e  = 2 . 5 7 3 9 3 li4 7 = -4 . 4 6 2 85 
H2 s = 2 . 9 4 4 11 H2 3 = -8 . 0 8 3 3 5  H4 e = 1 .  82 7 16 
H2 6 = -2 . 11836  H 2 1+  = 5 . 20461  H5 6 = - 3 . 329 80 
ll 3 4 = - 3 . 12085 H2 s = 1 . 38642 H s 7 = O.  2 9 0 6 1 8  
ll 3 5  = -2 . 3 7 15 1  H2 6 = 3 . 4 8 15 7 H 5 e = - 1 . 0 3 5 0 6  
H36  = -5 . 7 4 814 H2 7 = 3 . 60204 H6 7 = -4 . 17 9 2 1  
ll4 5 = - 3 . 199 4 1  H2 e = 1 .  6 14 2 6  H6 e = - . 8 4 6 5 5 5  
H 4 6 = - . 8 3 6 84 5  H 3 4  = - 3 . 34 187 H7 e = 1 . 2 0 3 6 4  
H!l 6 = 0 . 4 2 84 17 
Tab le 2 0 . Energy levels (eV )  for [Mo ( CN ) 8] 4- in the symmetric D 2 d dodecahedron , 34 e- cas ea ,b 
A1  A2 B 1 B 2 E 
- 3 .  3 2 2  - . 2 6 9 1  -1 . 4 5 6 -1 .  4 5 6  
- 7 . 7 6 7  -9 . 00 5  -6 . 5 7 0  -6 . 5 38 -6 . 5 38 
- 8 . 8 30 -8 . 830 
-10 . 1 7 9  -10 . 05 3  -9 . 889 - 10 . 085 -9 . 8 16 -9 . 816 
--12 . 050 -13 . 182 - 12 . 808 -11. 4 5 1  -11 . 4 5 1  
-12 . 9 1 1  -12 . 9 1 1 
- 16 . 3 34 -15 . 82 1  - 16 . 109 -16 . 2 14 - 16 . 2 14 
- 19 . 01 5 -16 . 85 3  -16 . 3 7 2  -16 . 3 7 2  
a
To tal b onding electron energy = -49 2 . 4 9  5 eV ; bHighes t bonding level-lowest unoccupied level 
gap � 0 . 09438 eV . °' N 
Tab le 2 1 .  
energy rep . 
- 10 . 1 7 9� A i  
- 11 . 4 5 1  E 
- 12 . 050 A i 
- 12 . 808 B 2  
- 12 . 9 1 1 ·  E 
- 1 3 . 182 A2 
- 15 . 82 1 B i 
- 16 . 109 B 2 
- 1.6 .  2 14 E 
- 16 . 331� A 1 
- 16 . 372  E 
- 16 . 85 3  B 2  
-19 . 0 15 A1 
Coefficients  of eigenvec tors of  filled M . O .  ' s  for the 34 e- symmet ri c  dodecahedron 
C i C 2 C 3 C 4  C 5  c 6 C 7 C e 
- .  02 115 0 . 09 801 0 . 042 5 7  - . 0 3 7 42 - . 7 50 80 0 . 8 3 7 4 5  
0 . 0 15 88 0 . 2 8 850 0 . 3349 5 0 . 05601 - . 13 7 6 7  0 . 158 5 7  0 . 2 86 5 7  0 . 8 7 4 5 7  
0 . 0 3620  - . 5 6 49 6  - . 4 33 2 4  0 . 4 3 549 0 . 45812 0 . 4 6 34 5  
0 . 0 2 4 60 - . 3006 4  - . 0 19 12 0 . 34608 - . 85159 o .  3 34 75  
0 . 0 2 8 3 1  - . 356 37 - . 229 0 1  0 . 34554 - . 2 9 2 6 6  - �. 5 5 5 7 5  - . 35807 - . 359 4 6  
- . 6 9 1 10 0 . 6 3401  
- . 4 1 6 68 - . 4 14 1 3  0 . 59 850 
0 . 0 1 709 0 . 5 1 8 7 5  0 . 2 6 815 - . 42 19 0 - . 3 17 5 8  0 . 2 4 5 30 
- . 12825  - . 3 302 6 - . 46569  - .  3 2 1Lt 6  0 . 249 66 0 . 3 1442 0 . 02 8 38 0 . 30305 
- . 04 5 5 4  0 . 40583 0 . 16 302 - . 25680 0 . 5 5 142 0 . 36509 
- . 119 85 0 . 319 79 - . 0 19 0 5  - . 5 32 31 0 . 0 6 39 6  - . 19 30 8  . - . 4 76 16 0 . 12 2 3 6  
0 . 1540 3 - . 0 379 7 0 . 6 3614 0 . 2 8 8 3 5  0 . 29045 0 . 34212 
0 . 32 175  0 . 0 36 36 0 . 56 29 0 0 . 5 1819 0 . 0 3100 0 . 0 2 2 2 1  
O'I w 
Tab le 2 2 . · Orbi tal populations for bonding levels in 34 e- sys tem, cal culated from ass umed 
Mo 4 d 4 · 9 6 4 9 58 . 2 5 a 5p . 4 4 a a  a ; C 2 9 . 2 i Zp '+ • O S 0 4 3 7 5  b ; qMo = 0 . 32 35 , qcN - . 5404 3 7 5 , 
qN = - i 3 ,  qc = - . 2404 3 7 5c 
energy · rep res en- pop 1 . POP 2 pop 3 pop 4 p op , p op 6 pop 1 p op e  t a t ion 
- 10 . 179 A i 0 . 000420 0 . 008143 0 . 0012 86 0 .  001009 0 . 40814 5  0 . 5 809 9 7 d 
- 1 1 .  4 5 1  E o .  000108 0 . 0 7 729 5 0 . 113666  0 . 00 2 2 5 2  0 . 019 8 19 0 . 0 2 2 85 6  0 . 0 70418 0 . 69 3686 
- 12 . 050 A i 0 . 0014 10 0 . 314 129 0 . 148898 0 . 15 3688 0 . 1 7 6 1 2 1  0 . 205 7 5 3  
- 12 . 808 B2 0.  000 7 10 0 . 09 4 14 8  0 . 0004 7 3  0 . 131484 0 . 660534 0 . 1 12 6 5 1  
- 12 . 9 11 E 0 . 0009 6 3  0 . 13442 3 0 . 0 6 17 7 5  0 . 11 9 6 7 7  0 . 101500 0 . 32092 7 0 . 12 7 2 10 0 . 1 3 3 5 2 4  
-13 . 182 A2 0 . 5 3 7825  0 . 462 1 7 5  
- 1 5 . 82 1 B i  0 . 2 6815 7 0 . 2 55412 0 . 4 7 6 4 30 
- 16 . 109 B 2  0 . 000 704 0 . 4 19 506 0 . 089 1 79 o.  2 72 400 0 . 1 32 2 36 0 . 0859 7 6  
-16 . 2 14 E 0 . 0408 5 3  0 . 17 4144 o .  3345 80_ 0 . 0 6 6 7 5 8  0 . 10 3254 0 . 146812 0 . 0 0 15 7 2  0 . 13202 6 . 
-16 . 334 A i 0 . 00 3329 0 . 2 704.)7 0 . 0 33355 0 . 0 7 8284 0 . 409 4 5 1  0 . 20 5124 
- 16 .  3 72 E 0 . 0 36699 0 . 16 7007 0 . 000090 0 . 38 7499 0 . 006 2 6 2  0 . 0586 3 6  0 . 322 500 0 . 02 1306 
-16 . 853 B 2  0 . 065530 0 . 002 49 8 o .· s12400 0 . 12 8363 0 . 116058 0 . 17 5 15 1  
- 19 . 015 A i 0 . 124 5 6 3  0 . 00 3386 0 . 46499 7 0 . 404031 0 . 00 19 0 1  0 . 001 12 2  
a
Calculated values are Mo 4 <l '• · 9 1 2 s 2 4 ss · 2 s 9 4 4 4 S p " c. 4 e 3 s ;  b e  2 s · 2 0 !5 0 6 2  2 p 4 . 0 3 c. 9 i 9 1 ; cqMo = 0 . 319 8 52 > 
qcN = - . 5 399 815 , qN = - . 3 ,  q c  = - . 2 39 9 8 15 � dfor all levels given Li popi = 1 .  
°' � 
Tab l e  2 3 .  ( a)  To t a l  elect ron b indin g ene rgies (eV)  for dis t ort ed 
D 2 d dodecahedral con fi gurat i ons , 1 8  e- cas e 
SA 
(b ) Lowes t occup i e d  t o  h i ghes t un occ up i e d  e le c t ron 
ene r gy leve l gap ( eV) , 18 e cas e 
6B ( de g . )  















- 2 70 . 72  
-2 7 0 . 6 5  
-2 7 0 . 5 8  
- 2 70 . 4 7  
-2 70 . 33 
-2 70 . 14 
6 7  
3 . 14 88 
3 . 2 70 7  
3 . 36 5 7  
3 . 4 1 6 6  
3 . 4 2 3 3  
3 . 3 7 9 6  
-2 7 0 . 66 
-2 70 . 65 
- 2 70 . 5 9 
-2 70 . 5 4 
-2 70 . 44 
-2 70 . 2 4 
6 9  
3 . 1189  
3 . 2 4 1 3  
3 . 3 2 7 1  
3 . 36 9 6  
3 . 3646  
3 . 302 7 
-2 70 . 6 2 
-2 7 0 . 6 1 
-2 7 0 . 5 8 
-2 70 . 52 
-2 70 . 4 1 
-2 70 . 35 
(b ) 
7 1  
3 . 0 7 9 1  
3 . 1 9 1 6  
3 . 2 6 48 
3 . 2 88 8  
3 .  2 6 39 
3 . 2 0 7 3  
-2 70 . 5 7  
-2 70 . 5 3 
-2 70 . 5 7 
-2 70 . 5 3 
-2 70 . 4 7  
-2 70 . 4 3 
3 . 0 2 7 9  
3 . 1 2 18 
3 . 1 8 3 3  
3 . 19 2 0  
3 . 1 5 8 5  
3 . 0 9 89 
-2 70 . 50 
- 2 70 . 4 7  
-2 70 . 54 
-2 7 0 . 58 
- 2 70 . 5 1  
- 2 70 . 4 2 
7 5  
2 . 9 5 7 8 
3 . 0 3 6 9  
3 . 0 8 50 
3 . 0 8 6 7 
3 .  0 4 2 3 
2 . 9 7 7 2  
-2 7 0 . 39 
-2 7 0 . 5 3 
- 2 7 0 . 56 
-2 7 0 . 56 
-2 10 ·. 5 1  
7 7  
2 . 8 6 4 7  
2 . 9 4 8 9  
2 . 9 800 
2 . 9 7 10 
2 . 9 206 
Tab le 2 4 . ( a ) To t al e le c t ron b inding ene rgies ( eV)  for d i s t orted 
D 2 d dodecahedral confi gurat ions , 3 4  e- c as e  
(b ) Lowes t o c c up ie d  t o  highe s t  unoccup ie d  elect ron 
energy level gap (eV) , 34 e- cas e 
eA 
















- 4 9 5 . 85 
-494 . 6 3 
- 49 3 . 33 
-49 2 . 5 1  
-492 . 20 
-492 . 38' 
6 7  
0 . 2 7 66 
0 . 1462 
0 . 0000 
0 . 1101 
o . o 
o .  o · 
6B  (de g . ) 
6 9  7 1  7 3  7 5  7 7  
-4 9 5 . 4 3  
- 4 9 4 . 4 7 
-49 3 . 00 
- 4 92 . 18 
-492 . 7 8 
- 49 3 . 2 0 
6 9  
0 . 39 7 6  
0 . 2 72 1  
0 . 12 38 
0 . 0058  
0 . 009 1 
o . o  
- 4 9 4 . 85 -494 . 1 7 
-49 3 . 6 6  -4 9 3 . 1 3  
-492 . 7 3 -492 . 8 3 
-49 2 . 88 - 49 3 . 78 
-49 3 .  9 2  -49 5 . 09 
-4 9 5 . 10 -496 . 62 
(b ) 
6B ( deg . ) 
7 1  7 3  
0 . 5 16 9  
o . 4 119 
0 . 0 8 12 
0 . 2 44 1  
0 . 1 7 7 6  
o . 1 7 70 
0 . 6 347  
0 . 2 2 4 5  
o .  2 39 1  
0 . 332 1 
0 . 3 1 5 1  
o .  3 5 7 2  
-49 3 . 3 1  
-49 2 . 9 2 
- 49 3 . 32  
-4 9 4 . 5 5 
-49 6 . 06 
7 5  
0 . 3 6 9 1 
0 . 09 2 5  
0 . 4 0 9 5  
0 . 39 8 2  
O . LJ 36 5  
- 49 2 . 5 8 
- 49 3 . 09 
- 49 3 . 83 
-49 5 . 4 3  
- 49 7 .  48  
7 7  
0 . 0 4 7 2  
·O . 39 02 
.0 . 4 105 
0 . 4 5 6 9  
0 . 54 8 5  
6 5  
Tab le 25 . Comp uted e l e c t ron con figura t ions on Mo in [Mo ( CN) e] 4 - for D2d geome t ries , 18 e- c as e  
d is tri- eB di s tri - 8B aA. b ut i on 6 7  69 71 73 75 7 7  0A bution 6 7  6 9  7 1  7 3  7 5  7 7  
4d 5 . 15 7  5 . 1 7 8  5 . 15 8  5 . 1 6 1  5 . 16 1  5 . 1 5 6  4 d  5 . 15 5  5 . 16 0  5 . 158  5 . 159 5 . 16 2  5 . 16 3  
32 5s . 2 55  . 2 5 1  . 2 4 7  . 24 6  . 2 44 . 2 4 3  38 5s . 2 4 6  . 2 4 4  . 2 42 . 2 4 2  . 2 4 2  . 2 4 3  
Sp • 344 . 345 • 345 • 346 . 34 6  . 346  Sp  • 34 7 . 34 8  . 348 • 34 8 . 349  . 350 
. qMo . 2 44 . 2 4 7  . 2 49  . 2 4 7  . 2 4 9  . 2 5 5  qMo . 2 5 3  . 2 4 9  . 2 52 . 2 5 1  . 2 4 7  . 24 5  
4d 5 . 1 5 3  5 . 15 7  5 . 159 5 . 158 5 . 1 7 8  5 . 162  4 d  5 . 15 7  5 . 16 3  5 . 15 6  5 . 15 7  5 . 156  5 . 15 3  
34 5s . 2 5 1  . 2 4 8  . 24 5  . 2 4 4  . 2 4 3  . 24 2  40  5s . 24 4  . 24 3  . 24 2  . 242  . 2 42  . 2 4 3  
Sp . 345 . 346 . 3 46 . 34 7  . 34 7  . 3 4 7  s.p . 34 7  . 349  . 34 8  • 3 4 8  . 34 8  . 34 8  . 
qMo . 2 50 . 2 49 . 2 50 . 2 5 1  . 2 5 2  . 2 49 qMo . 2 5 2  . 2 4 5  . 25 3  . 2 5 3  . 2 54 . 2 5 5  
4 d  5 . 155 5 . 1 5 8  5 . 160 5 . 161 5 . 16 1  5 . 16 3  . 4d 5 . 159  5 . 159 5 . 16 0  5 . 160 5 . 15 6  
36 5s . 24 8  . 2 4 6  . 244  . 2 4 3  . 2 42 . 2 42 42 5s . 2 4 3  . 24 2  . 2 4 3  . 2 44 . 2 4 5  
Sp • 346 . 34 6  . 34 7  • 34 7 . 34 8  . 34 8  S p  . 34 8  . 34 8  • 34 8 • 349 . 350 
q . 2 50 . 2 49  . 2 50  . 2 49 . 2 49  . 2 4 7  q . 2 5 1  . 2 5 1  . 2 49 . 24 7  . 2 49  
Tab le 2 6 .  Comp uted e le c t ron con f i gurat ions on Mo in [Mo (CN ) 8] 4- for D 2 d geomet ries , 34 e- cas e 
dis t ri- eB d i s t r i- SB 
eA b ut ion 6 7  6 9  7 1  7 3  7 5  7 7  SA b ut ion 6 7  6 9  7 1  7 3  7 5  7 7  
4d 4 . 941  4 . 948 4 . 9 6 6  4 . 9 60 4 . 9 70 4 . 9 80 4 d 4 . 9 74 4 . 9 6 1  4 . 9 6 1  4 . 9 5 4  4 . 9 4 7  4 . 9 34 
32 Ss . 2 68  . 2 64 . 2 62 . 259 . 2 58 . 25 5  38 5s . 2 56  . 25 8  . 2 6 1  . 2 6 1  . 2 6 4  . 2 6 5  
Sp . 4 7 3  . 464 • 4 59 . 4 5 3  . 44 8  . 4 42 Sp . 4 55  . 44 8  . 4 5 3  . 4 5 5  . 46 1  . 4 6 7  
qMo . 3 18 • 324 • 313  • 315 . 324  . 32 4  qMo . 315  . 33 3  . 32 5  . 3 30 . 328 . 3 3 4  
4 d  4 . 9 49 4 . 9 64 4 .  9 6 8  4 . 9 79 4 . 9 74 4 . 9 7 5 4 d  4 . 9 70 4 . 9 64 4 . 9 49 4 . 9 46 4 . 9 18 4 . 9 17 
34 Ss . 2 65 . 2 6 3  . 2 60 . 2 .58 . 2 S 8  . 2 S 8  40 Ss . 2 56  . 2 S 9  . 2 6 0  . 2 6 4  . 2 6 7  . 2 6 8  
Sp . 4 64 . 459 . 4S2 . 44 7  . 449  . 44 8  S p  . • 4 5 4  . 4SO . 4 6 6  . 4 6 3  . 4 7 1  . 49 0  
qMo . 32 1 · • 314 • 320 . 3 17 . 3 18 • 320  qMo • 320 . 32 8  • 3 2 5  . . 32 7  • 344 • 32 5 
4d 4.  9 7 1  4 . 9 6 S  4 . 9 7 4 4 . 9 5 7  4 . 9 5 7 4 . 9 5 3  4d 4 .  9 7 1 4 . 9 5 7  4 . 9 36 4 . 9 2 3  
36 Ss . 2 5 8  . 2 60 . 2 5 7· . 2 59 . 2 6 1  . 2 62 42 5s . 2 55 . 2 5 7  . 2 5 3  . 26 5  
Sp . 45 7  . 450 . 44 5  . 4 50 . 4 5 3  . 45 5  S p  . 4 54 . 4 6 1  . 4 7 5  . 4 83  
qMo . 315 . 32 5 . 32 3  . 334 . 32 9  . 3 30 qMo . 320 . 32 4  • 326 . 329 °' °' 
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Selec ted res ul ts from t:he  angle variation s tudies appear in  Tab les 
2 7- 29 for the 1 8  e lectron sys tems and in Tab les 30-32 for the 34 electron 
configurations . Tab les 2 7  and 30 give calculated energy levels . Coeffi-
cients and atomic  orb ital populations for bonding levels are lis ted in 
Tab les 2 8 , 29 ,  31 , and 32 . Angles are given in degrees , energi es , in 
electron vol ts . As in the symmetric sys tems , populations are computed 
for orbital occupancy of 1 electron and thus are equal to one half the 
total electrons in the orbi tal . Values ob tained for the E representat ions , 
which are doub ly degenerate , a�e writ ten only once . 
An initial mole�ular orb ital calculat ion , cons idering only s i gma 
bonding orb i tals , was performed for dodecahedral [Mo (CN ) 8] 4- and ant i-
priamic T�F8 3- . 6 3 Res u l t s  f�c� the d a d cc ehc d�al angle var iat i�� s � ud i £s 
are included for comparison here . Computations employed the Mo b as is 
orbit al set  used in the present calculatio� . Cyanide a-bonding  orb itals 
were treated as c digonal sp hybrids , with ground s tate VOIP given by 
Hinze and Jaffe , 6 4 an·d employ ing a variation wi th charge o f  - 11 . 9  eV , 
Cusachs '  value 4 8 for a s ingly occupied C 2p  orb i tal . Overlaps on the li-
&ands were approximated from c 2p orbitals . All other approximat ions 
were the s ame as those used in the present inves tigati on . Table  3 � gives 
total· bonding energies for various geomet ries ; Table 34 lis ts  the energy 
level spacings between highes t bonding and nonbonding levels . In general , 
for the a-bonding sys tems charges on Mo of about + . 6 1  were ob taine d .  
6 3George H . Duffey and P .  s .  Herman , "Molecular Orb ital Calculations on Eight-coordinate S tructures , " given at the 9 th Midwes t Regional A .  C .  S .  Meeting , Octob er 2 6 , 19 7 3 . 
6 4JUrgen Hinz e  and H .  H .  Jaffe , J .  �· �· §oc. . , 84 ,  540 ( 19 62 ) . 
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Tab le 2 7 .  Ene rgy. levels for irreducib le repres en t at ions 
eB = 67 °  
energy 
level rep . 
1 .  4208 E 
- . 0060 E 
- . 9075 B 2 
-1 . 3309 A 2  
-2 . 1785 B i 
-2 . 3287 E 
-2 . 5303  B 2  
-3 . 4490 A i 
-3 .  9 356 A i 
-5 . 12 73  E 
-6 . 6 766 B 2  
-6 . 7 342 E 
-6 . 9 736 B 1  
-7 . 0365 A i 
- 7 . 7128 . B 2  
- 7 . 2645 A?. 
-8 . 03 70 E 
-8 . 1685 A i 
-11 . 317 B i  
-14 . 274 A i 
-14 . 669 E 
-14 . 9 36 B 2 
-15 . 358 E 
-16 . 449 B 2  
-18 . 331 A1 
eB :::. 6 7 °  
energy 
level rep . 
0 . 9 839 E 
- . 6459 E 
- . 7226 B 2 
-1 .  32 38 A2 
-1.  9 896 E 
-2 . 144 3 B i  
-2 . 4 537 B 2 
- 3 .  6094 A 1 
-3 . 9 39 3 A 1 
-5 . 2 125 E 
o f  D 2 d geometries in the 18 e- sys temsa 
eB = 69 ° 
energy 
level rep . 
1 .  2 9 7 3  E 
- . 39 7 3  E 
- . 7056 B 2  
- 1 . 6 1 7 3  A 2  
-2 . 304 8 B 2  
-2 . 4901  E 
-2 . 52 31  B i  
-3 . 132 8 A i  
- 3 .  9 6.4 0 A i 
-5 . 126 1  E 
-6 . 709 3 B 2 
-6 . 7 334 E 
-6 . 859 8 B i  
-7 . 0515 A2 
-7 . 059 9  A i 
-7 . 8216 B , 
- 7 . 89 76  E 
-8 . 179 3 A i  
-11 .  298  B 1 
-14 . 390  A 1 
-14 . 643  E 
-15 . 013  B 2 
-15 . 32 5 E 
- 16 . 370  B 2 
-18 . 32 3 A 1 
0B = 69 ° 
energy 
l evel rep . 
0 . 7878  E 
- . 5 307  B 2 
- . 9044  E 
-1 .  6 108 A2 
-2 . 1545 E 
-2 . 1 7 6 7  B 2 
-2 . 4 870 B 1 
·- 3 .  406 1 A 1  
-3 . 82 6.5 A 1  
-5 . 19 6 7  E 
SA = 32° 
8B = 710 
ene rgy 
level rep . 
1 . 3094 E 
- . 4950 B 2 
- . 8178  E 
-1 . 8 7 2 6  A2 
-2 . 02 6 3  B 2  
-2 . 6829 E 
-2 . 7280  Ai 
-2 . 832 1 B i  
-4 . 0 336  A i  
-5 . 12 7 8  E 
-6 . 7248  B 2 
-.6 . 7336  E 
-6 . 7 5 78 B i  
-6 . 8387  A 2  
- 7 . 0782 A i  . 
-7 . 7 5 7 1  E 
- 7 . 9 5 24  B 2  
-8 . 20 72  A 1  
-11 . 286  B 1 
-14 . 500 A 1  
-14 . 59 6  E 
-15 . 089 B 2  
-15 . 316  E 
-16 . 29 4  B 2  
-18 . 315 Ai 
SB = 73 °  
energy 
leve l rep . 
1 .  4159 E 
- . 2837 B 2  
- 1 .  2100 E 
- 1 .  79 9 6  B 2 
-2 . 0999 A2 
-2 . 2971 Ai 
-2 . 9 164 E 
-· 3 . 1062 B i  
-4 . 0826  Ai 
- 5 . 1304 E 
-6 . 62 71 A2 
-6 . 667 3 B i 
- 6 . 7371  B 2  
-6 . 7415 E 
- 7  . 1004 A i 
- 7 . 6180 E 
-8 . 0963  B 1 
-8 . 2 52 7  A 1  
-11 . 281 B 1 
-14 . 526 E 
-14 . 603 A 1 
-is . 162 
- 15 . 329 
-16 . 220 
-18 . 306 
B 2  
E 
B 2  
A 1 
8A = 34° 
8B = 7 3° eB = 71° 
energy 
level rep . 
o . 7624  E 
- . 3312 B 2  
-1 .  2 12 3  E 
-1 . 86 7 7  A2 
-1 . 8 7 65 B 2  
-2 . 3625 E 
-2 . 79 50 B 1  
-2 . 9 6 74  A i  
- 3 . 89 5 1  A i  
-5 . 1849' E 
energy 
level rep . 
0 . 8 7 16 E 
. 1309 B 2 
-1 . 5153 E . 
- 1 .  5507 B 2  
-2 . 09 7 7  A2 
-2 . L•9 7 3  A 1  
-2 . 6254 E 
-3 . 0691 B 1 
- 3 . 9 4 38 A i  
-5 . 1754 E 
SB = 75 ° 
ener gy 
level rep . 
1 .  59 6 6  E 
- .  0 7 7  5 B 2  
-1 .  512 1 B 2  
-1 . 5 39 9  E 
-1 .  8508  A i 
-2 . 303 3  A2 
- 3 . 198 7  E 
- 3 . 34 74  B i  
-4 . 1031  A i 
-5 . 1340 E 
-6 . 4205 A2 
-6 . 589 7 B i  
-6 . 7383  B 2  
-6 . 7418 E 
-7 . 111 9  A i 
-7 . 48 71  E 
-8 . 2484 B 2  
-8 . 3172  A i  
-11 . 2 7 5 B i 
-14 . 436  E 
-14 . 69 8 A i 
-15 . 22 8  B 2  
-15 . 36 4  E 
-16 . 154 B 2 
-18 . 29 8 A � 
8 B = 75 ° 
energy 
level re p . 
1 . 0818 E 
0 . 0620  B 2  
-1 . 19 8 3 B 2  
-1 . 7 6 9 0  E 
-2 . 009 6 A 1 
-2 . 30 1� 2  A2 
-2 . 9 5 18  E 
-3  .. 3109 B i  
- 3 . 9 6 5 2  A i 
-5 . 16 7 7  E 
eB = 7 7 0 
energy 
leve l  rep . 
1 .  8441  E 
0 . 1201 B 2  
-1 . 1982 B2  
-1 . 3902 A i 
-1 . 7955  E 
-2 . 4854 A2 
- 3 . 5 2 71 E 
-3 . 5 5 6 3  B 1  
-4 . 095 3  A i 
-5 . 136 7 E 
-6 . 2200 A2 
-6 . 5 2 36 B i  
-6 . 7 39 7  B 2 
-6 . 7 399  E 
-7 . 1208 A i - 7 . 3 6 9 9  E 
-8 . 3989 A i 
-8 . 4036 B 2  
-11 . 2 68 B i  
-14 . 328  E 
-14 . 7 83 A i 
-15 . 2 80 B2 
-15 . 4 12 E 
- 16 . 099 B2 
-18 . 288 A i 
8B = 7 7 0  
energy 
level  rep . 
1 .  3750 E 
o .  2 39 3  B 2  
- . 8194 B 2  
-1 . 5076 A 1  
-1 . 9 650 E 
-2 . 4907  A2 
-3 . 3 314 E 
- 3 . 5217  B i  
-3 . 9 6 50 A 1  
-5 . 1610 E 
Tab le 2 7 .  continued 
energy ener gy 
level rep . leve l rep . 
-6 . 7005 B 2 - 6 . 7 3 35 B 2 
-6 . 7 3 1 1  E - 6 . 7 346 E 
- 7 . 0 1 84 B 1  - 6 . 9 0 7 3  B 1 
-7 . 0 5 40 A 1  - 7 . 0 8 14 A 1  
- 7 . 3 369 A2 - 7 . 12 60 A2 
-7 . 45 20 B 2  - 7 . 5 8 6 1  B 2 
- 7 . 9 7 0 7  E - 7 . 84 86 E 
- 8 . 04 5 0  A 1 - 8 . 0 6 32 A 1  
-11 . 316 B 1 - 1 1 .  304 B i  
-14 . 109 A1 - 14 . 2 3 1  A i 
-14 . 755  E - 14 . 7 1 7  E 
-14 . 9 9 3 B 2  - 1 5 . 0 7 2  B 2 
-15 . 3 6 8  E - 15 . 353  E 
-16 . 3 3 7 B 2  -16 . 2 5 7  B 2 
- 1 8 . 32 4 A 1 - 1 8 . 3 1 7  A 1 
eB = 6 7 ° eB = 69 ° 
ene rgy energy 
lc .. Jc l :-cp . leve l rep . 
0 . 6 7 33 E 
- . 52 59 B 2  
. - 1 .  2 189 E 
- 1 .  3 2 3 5  A2 - 1 . 6 6 9 1 E 
-2 . 105 7 B 1  
-2 . 3 34 8 B 2  
- 3 . 2 54 7 A i 
-4 . 39 1 3  A 1  
- 5 . 302 9 E 
-6 .  72 9 2 B 2  
-6 . 7 35 7 E 
- 7 . 05 2 6 B i 
- 7 . 082 0  A i  
- 7 . 2 116 B 2  
- 7 . 39 15 A2 
-7 . 9 2 15 E 
-7 . 9 5 74 A 1 -11 . 32 3 B 1 - 13 . 9 36 A 1  
-14 . 834 E 
-15 . 05 7 B 2  -15 . 389 E 
-16 . 2 14 B 2  
- 18 . 314 ==-=== A 1 
0 . 482 3 E 
- . 3409 B 2  
- 1 .  4049 E 
- 1 .  609 6 A2 
- 1 . 84 9 1  E 
- 2 . 0020 B 2  
- 2 . 4 4 3 8  B 1 
- 3 . 1 3 8 8  A 1  
- 4 . 15 7 7  A i  
- 5 . 2 6 9 6  E 
- -6 . 7 4 2 4  E 
- 6 . 7 5 6 2 B � 
- 6 .  9 9·4 8  B 1 
- 7 . 10 9 8 - A i  
- 7 . 182 5 A2 
- 7 . 3 7 81 B 2  
· - 7 . 82 14 E 
- 7 . 9 86 7  A i  
- 1 1 .  314 B 1 
- 14 . 06 1  A i  
- 14 . 7 8 1  E 
-15 . 1 34 B 2 
- 16 . 39 1  E 
-16 . 1 34 B 2 
- 1 8 . 309 A 1  
energy energy 
leve l  r ep . leve l rep .  
-6 . 7 4 0 8  E -6 . 7 0 3 3 A 2 
-6 . 7 4 7 5  B 2 -6 . 7 1 6 7 B 1 
-6 . 806 7  B 1 -6 . 7506 E 
-6 . 9 14 2  A2 -6 . 7 5 6 2  B 2  
- 7 . 1046 A 1 - 7 . 1 2 5 2  A i 
- 7 . 72 82 E -7 . 6 1 36 E 
- 7 . 7 4 6 1  B 2 -7 . 9 186 B 2  
-8 . 102 3  Ai - 8 . 1624 A 1 
- 1 1 . 2 9 4  B 1 -11 . 2 84 B 1 
-14 . 344 Ai -14 . 4 46 A i  
- 14 . 65 5  E -14 . 5 7 1 E 
-15 . 146 B2  �1s . 2 11 B2  
-15 . 360 E -15 . 386 E 
-16 . 181 B 2 -16 . 108 B 2  
- 1 8 . 310 Ai -18 . 302 A 1 
eA = 36 ° 
eB = 71
° 
eB = 7 3° 
energy ene rgy 
l evel rep . le·ve l  rep . 
0 . 4 7 18 E 0 . 6 1 35 E 
- . 1520  B 2 0 . 0 3 38 B 2  
- 1 .  6 3 8 7  E - L 2 50 8  B 2  
- 1 . 6 4 10 B 2 -1 . 8 644 E 
- 1 .  86 7 1  A 2  -2 . 099 2 B 1  
-2 . 08 3 1 E -2 . 39 3 7 E 
- 2 . 74 84 B 1 -2 . 4 181 A i  
- 2 . 8 38 8  A i - 3 . 0 206 B 1  
-4 . 05 2 1  A i  -4 . 0 15 5 A 1 
- 5 . 2 42 1  E -5 . 2 190 E 
-6 . 74 82 E -6 . 7502  E 
- 6 . 7 602 B 2  -6 . 7 5 75 B 2 
- 6 . 84 7 0  B 1  -6 . 7 6 0 3 B 1  
- 6 . 9 7 2 2  A2 -6 . 7 6 25  A2 
- 7 . 12 82 A i  -7 . 1 346 A i 
- 7 . 5 7 2 2  B 2 -7 . 64 2 8  E 
- 7 . 7 2 6 8 E - 7 . 7 74 3 B 2  
- 8 . 0 4 12 A i  - 8 . 1195 A 1 
- lL 30 6 B 1 -11 . 303 B i  
- 14 . 1 7 7  A i  -14 . 2 8 6 A i  
- 14 . 70 7 E - 14 . 6 17 E 
- 15 . 20 5 B 2 - 15 . 2 6 9  B 2 
- 15 . 4 14 E - 15 . 4 52 E 
-16 . 059 B 2 -15 . 9 9 2  B 2 
- 18 . 30 3 A 1  - 1 8 . 2 9 6  A 1  
6 9  
ene r gy  ener gy 
level rep . leve l rep . 
-6 . 4 9 6 5  A2 -6 . 2 9 6 6  A2 
-6 . 6 39 2  B 1 ;...6 . 5 7 5 7  B 1 
-6 . 7 5 12  E - 6 . 7 301 E 
-6 . 7 5 6 6  B 2  -6 . 7428 B 2 
- 7 . 1 3 3 1  A i  -7 . 1 22 5  A1 
-7 . 5 119 E - 7 . 4 30 5  E 
- 8 . 0 9 6 2  B 2 - 8 . 2 75 3  B 2 
-8 . 2 4 34 A i  - 8 . 34 4 1  A 1 
-11 . 2 8 0  B 1 - 1 1 . 29 3  B 1  
-14 . 4 7 3  E - 14 . 3 7 3  E 
- 14 . 54 3  A 1  - 14 . 6 4 3  A i 
- 15 . 2 70 B 2 -15 . 325 B 2 
-15 . 42 8  E -15 . 4 84 E 
- 16 . 04 7  B 2 -16 . 002 B 2 
-18 . 2 9 4  A i - 18 . 2 8 7  A 1  
eB = 75 ° eB = 7 7
0 
energy energy 
level rep . leve l rt:p . 
0 . 8 6 9 2  E 1 .  2 15 1  E 
0 . 2 12 2  B 2 0 . 3 7 9 7  B 2 
- . 8 3 12 B 2 - . 38 4 6  B 2 
- 1 . 9 32 2  A i - 1 . 4 0 4 7 A 1 
-2 . 04 32 E -2 . 1 8 39 E 
-2 . 3 0 8 6  A 2  -2 . 4 9 82 A 2  
-2 . 7 7 59 E - 3 . 1 9 4 1  E 
- 3 . 2 6 10 B i  - 3 . 4 70 5  B i  
- 3 . 9 9 5 8  A t - 3 . 9 7 5 9  A 1  
-5 . 19 84 E - 5 . 1 7 9 3  E 
-6 . 5 5 5 6  A 2 - 6 . 3 54 1 A2 
- 6 . 6 8 4 9 B 1  - 6 . 6 2 1 3  B i 
-6 . 7 4 34 E -6 . 7 2 2 7  E 
-6 . 7 5 2 7 B 2 -6 . 7 44 5 B 2  
- 7 . 1 3 19 A i - 7 . 1 1 7 8  A1 
- 7 . 5 7 4 8  E - 7 . 5 2 7 6  E 
- 7 . 9 7 5 7  B 2 -8 . 1 7 2 9  B 2  
- 8 . 2 1 8 3  A 1  -8 . 3 3 32 A i  
- 11 .  3 0 3  B i - 11 . 3 1 3  B 1 
- 14 . 3 8 8  A 1  -14 . 4 10 E · 
- 14 . 5 1 6  E -14 . 4 8 8  A 1  
-15 . 3 18 B 2 -15 . 352  B 2  
-15 . 5 0 1  E -15 . 5 5 8  E 
- 15 � 9 40 B 2 - 15 . 9 09 B 2  
-18 . 2 89 A i  - 18 . 2 8 1  A 1  
7 0  





6 7 ° 8B 
= 
6 9 ° eB = 
71 0 6B 
= 
7 3 °  eB 
= 
7 5 °  eB = 7 7
0 
energy energy energy energy ene r gy  energy 
level rep . level rep . level rep . level rep .  leve l rep . leve l rep . 
0 . 42 34 E 0 . 30 1 5  E 0 . 36 7 5  E 0 . 5 79 3  E 0 . 89 75 E 1 .  3013 E 
- . 3146 B 2 - . 1 3 7 2  B 2 0 . 04 38 B 2 0 . 2 1 78 B 2 0 . 3 8 1 3  B 2 0 . 5 389 B 2 
- 1 .  3 3 30 A2 -1 . 542 8 E - 1 .  34 7 3  B 2 - . 89 17 B 2 - . 4 0 4 0  B 2 0 . 1099 B 2 
- 1 .  34 72 E - 1 .  6 1 6 8  A2 - 1 . 85 38 E -2 . 0751  A1 - 1 .  6 0 7 6  A 1  -1 . 0 742 A 1  
- 1 .  69 46 E - 1 . 7 70 6  B 2 -1 . 8 7 39 A2 -2 . 1068 A 2 -2 . 2 9 6 3  E -2 . 4 0 80 E 
-2 . 06 6 1  B 1  - 1 .  8 6 9 6  E -2 . 0 34 9  E -2 . 1584 E -2 . 3 1 8 3  A2 -2 . 5 106 A2 
-2 . 1613 B 2 -2 . 3 9 69 B 1  -2 . 4 54 9  A 1 -2 . 2691 E -2 . 6 8 7 9  E -3 . 1226 E 
-2 . 85 3 1  A1 - 2 . 719 3  A 1 -2 . 69 5 7 B 1 -2 . 0 6 32 B 1 - 3 . 1 9 9 9 B i - 3 . 406 3 B 1  
-4 . 82 89 A1 -4 . 5 75 9  A 1  -4 . 3962 A1 -4 . 2 79 7  A i -4 . 2 02 9 A i  -4 . 1449 A i  
-5 . 3889 E -5 . 3370  E -5 . 2 9 2 6  E -5 . 2542 E - 5 . 2 2 04 E -5 . 189 3 E 
-6 . 74 16 E -6 . 7 4 9 2  E - 6 . 7 54 0  E -6 . 7484 E -6 . 59 7 3 A2 -6 . 39 4 3  A2 
-6 . 7562  B 2 - 6 . 7 6 4 0  B 2 - 6 . 7 5 8 6  B 2 -6 . 749 6  B 2 - 6 . 7 2 4 4  B i -6 . 6 62 4 B 1 
- 7 . 01 30 B 2 - 6 . 9 7 4 7  B 1 -;-6 , 8802 B 1 -6 . 79 66 B i  -6 . 7 3 5 1  E -6 . 7 1 35 E 
-7  . 07 75 B 1 - 7 . 12 7 3 A 1  - 7  .. 0 1 4 1  A3 -6 . 804 7 A2 - 6 . 7 4 4 1  B 2 -6 . 7 413 B 2 
- 7 . 1086 A 1 - 7 . 2 2 31 A2 - 7 . 1 32 6  Ai -7 . 1 332 A i - 7 . 1 1 9 8 A i  - 7 . 099 1  Ai 
- 7 .  4 300 A2 - 7 . _2 24 3 B 2 - 7 . 4518 B 2. -7 . 6 7 7 7  B2 - 7 . 6 70 9  E - 7 . 6 5 44 E 
- 7 .  89 6 3  E - 7 . 82 2 6  B - 7 . 7 5 7 7  E - 7 . 7059 E - 7 . 8 9 60 B 2  -8 . 105 7 B �  
- 7  . 9 12 7  A i - 7 . 9 5 75 A i - 8 . 0 30 3  A i - 8 . 12 61 A 1 -8 . 2 39 5  A i -8 . 3647 Ai 
-11 .  32 9 B 1 -11 . 32 7 B 1 - 1 1 . 319 B 1 -1 1 . 318 B 1 -1 1 . 3 2 6 B 1  - 1 1 . 3 36 B 1 
-13 . 750 A 1  - 1 3 . 881 A i  -1 3 . 9 9 9  A 1 -14 . 111 A 1  -14 . 2 2 1  A i -14 . 32 3  A i 
-14 . 89 7  E - 1 4 . 834 E - 14 .  7 4 8  E -14 . 6 52 E - 14 . 5 5 2  E - 14 . 44 5  E 
-15 . 12 3  B 2 -15 . 2 00 B 2 -15 . 2 6 4  B 2 -15 . 316 B 2 - 15 . 35 1 B 2 -15 . 354 B 2 
-15 . 423  ' E -15 . 44 3  E - 15 . 4 7 8  E -15 . 5 2 3  E -15 . 5 7 6 E -15 . 6 33 E 
-1 6 . 0 87 B 2 - 1 6 . 008 B 2 -15 . 9 37 B 2 -15 . 878 B 2 - 15 . 84 3  B 2 -15 . 838 B 2 
- 18 . 30 3 A i - 1 8 . 2 9 9  A 1 - 1 8 . 2 9 4  A i -18 . 2 89 A1 - 18 . 2 82 A i  -18 . 2 7 3  A i 
e A = 40
° 
eB = 6 7 ° eB = 6 9 ° eB = 7 1 ° eB = 7 3
° eB 
= 
7 5 °  eB = 7 7 0 
energy energy ene rgy energy energy ene rgy 
leve l rep . lev�l rep . leve l rep . level rep . lev e l  rep . leve l r ep . 
0 .  2 32 8  E 0 . 2 38 6  E Q . 419 8  E o .  7 181 E 1 . 1 0 4 7  E 1 .  5 6  75 E 
- . 09 14 B 2 0 . 0 802 B 2 0 . 2 5 48 B 2 0 . 4169 B 2 0 . 5 6 9 2  B 2 o . 7 3 70 B 2 
-1 . 0 7 83 E - 1 . 349 8 E - . 9 8 8 3  B 2 - . 4 682 B 2  0 . 0 8 7 0  B 2  0 . 64 70 B 2b 
-1 . 35 46 A2 - 1 . 4 7 3 5  B 2 -1 . 7 1 8 3  E -l . 5 86L� A 1  - 1 . 1 1 6 6  A i  A 1  
- 1 .  9 2 3 3  B 2 - 1 . 6 34 3  A2 - 1 .  889 6 A2 -2 . 1 168 E -2 . 3 35 8  A2 -2 . 5 304 A2 
-2 . 0 2 7 8 B i - 2 . 199 6 E A 1b -2 . 12 2 8  A2 -2 . 4 3 3 2  E -2 . 5 9 49 E 
-2 . 0 4 18 E -2 . 2 45 8  A i - 2 . 3510 E -2 . 5094 E -2 . 7 4 6 7  E - 3 . 119 3 E 
-2 . 4 16 1 A 1 -2 . 348 1 B i -2 . 6 38 7 B 1 -2 . 89 9 6  B i - 3 . 1 3 09 B 1  
- 3 . 3 325 B i 
- 5 . 2 36 6 A 1 -4 . 9 88 4  A 1  - 4 . 7831  A i  -4 . 6 2 9 9  A 1 -4 . 5 1 3 2  A i  -4 . 4 2 2 6  A 1  
-S . 4 59 0 E - 5 . 389 3 E - 5 . 32 8 7  E -S . 2 7 69 E -5 . 2 3 1 3  E -5 . 1904 E 
-6 . 7 4 7 9 E - 6 . 7 5 2 0  B 2  -6 . 74 31 B 2  -6 . 7 3QL� B 2 ·-6 . 6 2 42 A2 -6 . 4 198 
A2 
7 1  
Tab l e 2 7 ·  cont in ued 
ene rgy en e rgy en ergy energy ene r gy ene rgy 
leve l re p .  level rep . level rep . level rep . leve l r e p . leve l rep . 
-6 . 7 5 9 7 B 2 - 6 . 7 5 83 E - 6 . 7 5 6 3  E - 6 . 7 3 8 7  E - 6 . 7 1 8 1  E - 6 . 69 3 1 E 
-6 . 89 34 B 2 -6 . 9 9 6 2  B i  - 6 . 9 0 6 3  B i -6 . 8 2 80 B i - 6 . 7 2 5 5  B 2 - 6 . 700 6 B i  
- 7 . 0944 B 1 - 7 . 1 3 8 3  A i  - 7  . 0 39 8 A2 - 6 . 8 31 5  A2 - 6 . 7 5 9 5  B i  - 6 . 7 2 5 1  B 2 
- 7 . 129 7 A 1 - 7 . 146 7  B 2 - 7  . 1 32 0 A 1 - 7  . 1 148 A 1 - 7 . 0 8 6 2 A i - 7 . 0 5 7 2  A i  
- 7 . 4 5 2 8 A2 - 7 . 2 4 74 A2 - 7 . 39 39 B 2 - 7 . 6 32 9  B 2 - 7 . 7 9 2 9  E - 7 . 8006 E 
- 7 . 899 3  E - 7 .  8 5 38 E - 7 . 8 19 6  E - 7 .  7 9 9 0  E - 7 . 8 6 12 B 2 - 8 . 0 7 7 1  B 2 
- 7 . 9 15 6  A i - 7 . 9 7 76 A 1 -8 . 0 6 7 7  A 1 - 8 . 1 7 80 A 1 - 8 . 301 3  A i - 8 . 4 3 1 7  A 1 
-11 . 3 39 B i - 1 1 . 342 B i - 1 1 . 3 3 2  B i - 1 1 . 3 3 7  B 1 - 1 1 . 3 4 4 B 1  - 1 1 . 3 5 2  B 1 
- 13 . 5 5 7  A i - 1 3 . 6 9 3 A1 - 13 . 8 1 1  A 1  - 1 3 . 9 30 Ai - 14 . 0 4 3  A i - 1 4 . 14 8  A i 
-14 . 9 44 E - 14 . 8 7 0  E - 1 4 . 7 7 6 E - 14 . 682 E - 1 4 . 5 8 0  E - 14 . 4 7 4 E 
-15 . 19 1 B 2 - 15 . 2 6 4  B 2 - 15 . 3 1 5  B 2 - 1 5 . 350 B 2 - 1 5 . 3 5 1  B 2 - 1 5 . 3 1 9  B 2 
-15 . 4 7 1  E - 1 5 . 50 3  E - 1 5 . 5 4 7  E - 1 5 . 5 9 7  E - 1 5 . 6 5 2  E - 1 5 . 7 0 9  E 
-15 . 9 5 7  B 2 - 1 5 . 8 8 1  B 2 - 15 . 8 1 9  B 2 - 15 . 7 8 1  B 2 - 1 5 . 7 7 7  B 2 - 1 5 . 8 0 5  B 2 
-18 . 2 9 3  A 1 -1 8 . 2 9 0  A 1 - 1 8 . 2 8 5  A i - 1 8 .  2 8 1  A1 - 18 . 2 74 A i - 18 . 2 6 4  A 1 
SA = 4 2 ° 
SB = 6 7 ° SB = 69 ° SB = 7 1° 8B = 7 3 ° 8B = 7 5
° 
ene rgy energy ene r gy energy ene r gy  
leve l rep .  level rep . leve l re p .  level re p . leve l rep . 
0 . 14 72 E 0 .  ·3 19 9 E 0 . 6 1 4 4  E 0 . 9 9 3 1 E 1 .  4 4 4 8  E 
0 . 143 6 B 2 0 . 3 1 1 5  B 2 Q . 4 7 45 B 2 0 . 6 2 8 6  B 2 O .  7 7 2 3  B 2 
- . 8 8 19 E - 1 . 1059 B 2 - . 5 6 0 9  B 2 0 . 02 1 8  B 2 Q . 6 4 2 1 . B 2 
- 1 . 3894 A2 - 1 . 2 4 9 8  E - 1 . 4 2 14 A i - 1 . 0150 A i - . 5 2 3 1 A i 
-1 . 6 1 3 7  B 2 - 1 . 6 64 0  A2 - 1 . 6 7 1 1  E -2 . 0942 E - 2 . 3 6 1 3 A2 
- 1 .  9 5 0 1  A 1 -1 . 7 34 3  A1 - 1 . 9 1 65 A2 - 2 . 148 3 A2 -2 . 4 7 1 6 E 
- 1 .  99 2 3  B 1 -2 . 300 1  B 1 - 2 . 5 7 9 9  B 1 - 2 . 7 L• 89 E -2 . 9 1 5 5  E 
-2 . 30 89 E -2 . 4 6 36 E -2 . 6 0 7 9  E - 2 . 8 312 B 1 - 3 . 0 5 4 0  B 1 
-5 . 5048 E -5 . 3 8 40 A 1 - 5 . 1 8 00 A i  - 5 . 0116 A 1 -4 . 8 72 1 A i 
- 5 . 6 2 4 3  A i - 5 . 4 2 0 8  E - 5 . 3 4 8 0  E - 5 . 2 844 E -5 . 2 2 8 4  E 
-6 . 704 7 B 2 - 6 . 7 1 32 B 2 - 6 . 7 1 3 1  B 2  - 6 . 7 1 6 1  B 2 - 6 . 6 3 3 8  A:z 
-6 . 7 5 32 E -6 . 7 5 2 3  E - 6 . 7 4 36 E - 6 . 7 2 9 9 E - 6 . 7 14 0  E 
- 6 . 8 9 6 7  B 2 - 7 . 0 1 1 7  B 1 - 6 . 9 2 8 7  B 1  - 6 . 8 4 2 6  A2 -6 . 7 2 5 0  B :z  
- 7 . 10 40 B 1 - 7 . 1 3 70 A i - 7 . 0 5 12 A2 -- 6 .  8 5 4 8  B 1 -6 . 7 8 9 4 
B i 
- 7 . 14 3 7  A i - 7 . 14 3 6  B 2 - 7 . 1 15 3 A 1  - 7 . 0 8 89 A i - 7 . 0 6 0 5  A 1 
- 7  . 4 6 02 A2 - 7 . 2 5 7 4 A2 - 7 . 39 39 B 2  - 7 . 6 3 5 7  B 2  - 7 . 86 4 0  
B 2 
- 7 .  9 31 4  E - 7 . 9 14 6  E - 7 . 9 0 81 E - 7 . 9 12 5  E - 7 . 9 2 7 7  E 
-7 . 0 6 7 2  A i - 8 . 0 4 5 1  A i -8 . 14 7 1  A 1 - 8 . 2 6 4 3  A i - 8 . 3 9 0 6  
A i 
- 1 1 .  34 7 B i - 1 1 . 3 4 9  B 1 - 1 1 . 3 54 B 1 - 1 1 . 3 6 3 B 1 - 1 1 . 3 6 8  B 1  
- 1 3 . 3 5 4  A i - 1 3 . 4 9 1  A i - 1 3 . 6 2 3  A 1 - 1 3 . 7 4 7 A 1 - 1 3 . 8 6 0  
A 1 
- 1 4 . 9 70 E - 1 4 . 889 E - 1 4 . 802 E - 14 . 7 0 8  E - 14 . 6 0 5  E 
-15 . 2 5 6  B 2 - 15 . 3 1 7  B 2  -- 1 5 . 3 5 4  B 2  - 15 . 3 5 0  B 2 
- 1 5 . 308 B 2 
- 15 . 52 9 E - 1 5 . 5 7 1  E - 15 . 6 19 E - 15 . 6 7 1  E -1 5 . 7 5 4  B 2 
- 1 5 . 8 30 B 2 - 15 . 7 6 3  B 2  - 1 5 . 7 2 2  B 2  - 1 5 . 7 2 1  B 2 
- 1 5 . 7 2 3 E . 
_:-1 8 .  2 84 A i - 1 8 . 2 82 A 1  - 1 8 . 2 7 8  A i - 1 8 . 2 7 3 A 1  - 18 . 2 6 4  A 1 
aAl l en ergies in e V ;  
b S t ar t ing va lue for energy s ear ch was b elow 
this level ; s ee d e s crip t ion o f  cal c ul a t ion , p a ge 2
3 .  
M . O .  
cp 1B 1  
� 2 A 1  
<l> sF. 
<f> 2 B 2 
$ 1 E 
h B 2 
$ 1 A1 
M . O . 
¢i 1B 1  
cp 2A 1 
hE 
41 2B 2 
hE 
$ 1B 2  
4> 1A 1 
M. O .  
<!> 1 B 1 
cp 3E 
cp 2 A1 
q, 2 H 2  
$ 1E 
q, 1 B 2 <j> 1A1 
Table 2 8 .  Coe ffic ien ts o f  atomi c o rb it als fo r b onding molecular o rb i t als
4 
i n  d is tor ted D a d geome t ries , 1 8  e - case 
6A = 32° eB = 6 7 °  - eB == 69° 
• C 1 C 2  C 3 c ,.  C s c 6 c ,  C a H. O .  C 1  C a C 3 
- . 863 - . 158  0 . 245 4> i B 1 - . 86 3  - . 155 0 . 248 
- . 09 7  0 . 538 0 . 448 - . 5 7 1  0 . 158 0 . 106 , h A 1 - . 084 0 . 534 0 . 455  - . 56 5  0 . 164 0 . 094 
- . 080 - . 4 74 - . 650 0 . 002 0 . 110 0 . 090  0 . 015 0 . 12 2  9s E - . 056 - . sos - . 621 0 . 104 0 . 098 0 . 09 8  0 . 046 0 . 101 
0 . 016 0 . 540 0 . 366 - � 549 - . 043  0 . 09 8  Y 2 B 2 0 . 016 0 . 535 0 . 344 - . 556  0 . 04 8  0 . 090  
- . 137  0 . 228  - . 156 -. 7 76  0 . 082 - . 00 3  - . 210 0 . 083 ( ,  1 E - . 149 0 . 163 - . 2 34 - .  7 74 0 . 099 0 . 011 - . 199 0 . 09 8  
0 . 123  - . 060 0 . 737  0 . 341 0 . 160 0 . 188 < •  1 8 2  0 . 12 5  - . 054 0 . 754 0 . 323 0 . 161 0 . 191 
c:i 1A 1  
. 
0 . 514 0 . 039 0 . 02 5  0 . 222 0 . 050 0 . 576  0 . 508 0. 044 0 . 031 0 . 22 3  0 . 04 5  0 . 5 7 6  
eB = 7 1 °  eB = 730 
C 1  C 2 C 3  C 4 C 5 c 6 C 7  C a l!. O .  C 1 C 2 C 3 C 4 c , c 6 C 7  C a 
- . 862 - . 15 1 0 . 52 1  4 1 B 1 - - . 862 - . 147 0 . 2 5 3  
- . 07 2  0 . 529 0 . 462 - . 558  0 . 169 0 . 082 < bE - . 005 - . 5 39 - . 54 1  - . 299  0 . 06 8  0 . 106 0 . 09 7  0 . 055  
- . 0 30 - . 52 7  - . 583 0 . 208 0 . 084 0 . 103 - 0 . 075  0 . 078  ¢ 2 A1 0 . 061 0 . 52 5  0 . 464 - . 552 0 . 1 74  0 . 070 
0 . 013  0 . 530 0 . 315 - . 5 6 5  - . 054 0 . 080 4 2 B 2 0 . 010 0 . 526  0 . 2 7 7  - . 5 7 5  - . 06 3  0 . 068 
- . 155 0 . 09 3  - . 30 7  - . 7 59 0 . 115 0 . 02 6  - . 184 0 . 110 4> i E - . 158 0 . 028  - . 365 -. 7 34 0 . 128 0 . 040 - . 166 0 . 117  
0 . 127  - . 046 o .  7 72 0 . 301 0 . 162 0 . 19 4  ¢ 1 B 2  0 . 129 - . 032 0 . 791  0 . 2 7 1  0 . 163 0 . 198  
0 . 2 24 0 . 040 0 . 5 76  0 . 5 19 0 . 034 0 . 019 ¢ 1A 1  0 . 226  0 . 035 0 . 5 74 0 . 524 0 . 030 0 . 013 
8B = 75 ° I e B := 7 7 0 
C 1 C 2 C 3 C 4 c ,  c 6 C 7 C e � . o .  C 1  C 2 C 3 c ,.  c ,  c 6 C 7 C a 
- . 862 - . 143 0 . 256 cp 1 B 1  - . 862 - . 140 0 . 2 58 
0 . 016 - . 5 4 3  - . 50 3  o .  372 0 . 053 o . _109 0 . 144 0 . 034 Ji' 0 . 034 - . 543 - . 4 7 2  - . 427  0 . 039 0 . 112 0 . 12 5  0 . 016 � ·  3 , - . 052 0 . 521  0 . 475  - . 547  0 . 179 0 . 058 ¢ 2 A1  - . 044 0 . 517 0 . 48 1  - . 542 0 . 183 0 . 046 
0 . 004 0 . 523  0 . 22 6  - . 5 8 8  - . 076  0 . 054  ¢ 2B2 - . 005 0 . 518 0 . 158 - . 602 - . 092  0 . 036 
- . 156 - . 02 7  - . 407 - . 706 0 . 137  0 . 05 3  - . 148  0 . 120 ¢ 1E - . 153 - . 070 - . 433 - . 679  0 . 144 0 . 064 - . 132 0 . 119 
0 . 131 - . 010 0 . 812 0 . 233 0 . 162 0 . 202 cp 1 B 2  0 . 132 0 . 020 0 . 831 0 . 184 0 . 158 0 . 206 
0 . 227  0 . 031 0 . 5 7 3  0 . 528 0 . 025 0 . 001 � iA1 0 . 22 7  0 . 02 1  0 . 5 7 1  0 . 5 32 0 . 020 · 0 . 001 
" N 
Tab le 2 8 . con tinued 
0B = 6 7 °  
M . O .  C 1 C 2 C 3 C 4  C 5 c 6 
cp 1 B 1 - . 85 7  - . 166 0 . 247  
cp 2 A 1 - . 084 0 . 552  0 . 458  - . 558  0 . 158 0 � 106 
cp 3E - . 068  - . 487  - . 64 1  0 . 063  0 . 00 1  0 . 09 3  
� 2 B 2 0 . 013  0 . 5 35 0 . 357  - . 550 ... . 059 0 . 09 6  
¢ 1E - . 143 0 . 195 - . 206 -.  7 7 3  0 . 09 2  0 . 00 7  <f> 1 B 2 0 . 12 7  - . 050 o. 7 39 0 . 346  0 . 152 0 . 19 3  <f> 
�A 1 0 . 224  0 . 042 0 . 5 7 1  0 . 515  0 . 034 0 . 02 6  
eB = 7 1  o M. O .  C 1 C 2 C 3  c ,.  C 5  c 6 
< h B 1 - . 858 - . 159 0 . 252 -q, 2A 1 - . 058  0 . 542 0 . 4 72 - . 546 0 . 168 0 . 081 
<j> 3E - . 017 - . 5 31 - . 56 1  0 . 2 70 0 . 061  0 . 103 
iti 2B 2 0 . 008 0 . 52 6  0 . 294  - . 570 - . 07 1  0 . 075  
<P 1E - . 156 o . oss - . 355 - . 7 38 0 . 12 1  0 . 037 
cp 1 B 2 0. 131 - . 030 o .  7 7 7  0 . 297  0 . 152  0 . 201 
< hA 1 0 . 226  0 . 032 0 . 569 0 . 525  0 . 024 0 . 014 
e B = 7 5 °  
M. O.  C 1 C 2 C 3  c ,.  C s c 6 
II> 1 n 1 - . 85 8  - . 15 L  o .·2 s 1  
¢ aE 0 . 024 -. SltO - . 484 0 . 412 0 . 031 · 0 . 107  
cp 2 A 1 - . 038 0 . 533 0 . 486 - . 5 35 0 . 177  0 . 055 
<P 2 tl 2 - . 006 0 . 517  0 . 178 - . 599 - . 096  Q . 042 
<l> 1E - . 154 - . 052 - . 436 - . 681 0 . 139 0 . 062  
4> 1 B 2 0 . 134 0 . 02 1  0 . 821 0 . 211 0 . 147 0 . 2 11 
4> 1A 1 0 . 228 0 . 02 3  0 . 566 0 . 533 0 . 014 0 . 003 
=-=== � 
0A = 34 ° 
. C 7  C a M. O .  C 1 C 2 
$ 1 B 1 - . 858 - . 162 
cp 2 A1 - . 070 0 . 547  
0 . 031 0 . 116 <P ::tE - . 042 - . 515  
cp 2B 2 o .  012. 0 . 5 30 
- . 205 0 . 09 1  $ ,_E - . 152 0 . 124 <f> 
i.B 2 0 . 129 - . 042 cp 
, A 1 0 . 22 5  0 . 037  
C 7  C a M . 0 .- C 1 C 2 
4> 1 B i - . 857  - . 155 
� 2A 1 - . 048 0 . 537  
0 . 088 0 . 070  hE 0 . 005  - . 5 38 
<P 2 B 2 0 . 002 0 . 522 
- . 174 0 . 115  ·P 1
E - . 15 7  - . 005 
cp 1 B :a 0 . 133 - . 009 
hA 1 o .  227  0 . 02 7  
C 7  C a M . O .  C 1 C 2 
� i B 1 - . 859 - . 146  
0 . 119 0 . 029 1 > 3E. 0 . 040 - . 540 
. �� A i -. 0 30 0 . 529 
p;B:a - . 019 0 . 510 
- . 139 0 . 121 � 1 E - . 150 - . 090 
� 1 B 2 0 . 134 0 . 063 
'Pt A 1 - . 22 8  - . 019 
0B = 69 ° 
C 3 c ,.  
0 . 2 50 
0 . 465  - . 552 
- . 604 0 . 171  
0 . 330 - . 559  
- . 287  - . 7 62 
0 . 7 5 7  0 . 324 
0 . 570 0 . 520 
eB = 73°  
C 3 C 4 
0 . 255  
0 . 4 79  - . 54 1  
- . 519 0 . 351 
0 . 245 - . 584 
- . 404 - . 709 
0 . 799 0 . 2 60 
0 . 568 0 . 529  
SB = 77°  
C g  C 4  
0 . 258  
- . 456 0 . 458 
0 . 49 2  - . 5 31 
0 . 088 - . 615 
- . 45 7  - . 656 
0 . 839 0 . 145 
- . 564 - . 537  
C 5  c 6 
0 . 163 0 . 09 3  
0 . 0 7 7  0 . 099 
- . 06 3  0 . 086 
0 . 108 0 . 022 
0 . 15 3  0 . 19 7  
0 . 029 0 . 020  
C 5 c 6 
0 . 1 7 3  0 . 068  
0 . 04 5  0 . 105 
- . 081 0 . 060 
0 . 131 0 . 051 
0 . 151  0 . 206 
0 . 019 0 . 008 
C 5 c 6 
0 . 018 0 . 110 
0 . 181 0 . 043  
- . 114 0 . 018 
0 . 144 0 . 072  
0 . 138 0 . 215  
- . 009 0 . 003  
C 7  
0 . 062 
- . 19 1  
C 7  
0 . 10 7  
- . 15 6  
C 7  
0 . 12 8  
- . 124 
C a 
0 . 09 3  
0 . 105 
C a 
0 . 048  
0 . 120 
C a 
0 . 013 
0 . 119 
-....J w 
Tab le 2 8 .  con tinued 
eB = 6 7° 
C 5 c 6 
<1>tB1 - . 852 - . 588  0 . 2 89 
¢:zA1 - . 069 0 . 567  0 . 466 - . 545 0 . 158 0 . 106 <j> 3E - . 05 3  - . 500 - . 624  0 . 137  0 . 069 0 . 09 5  
<j> 2B :z 0 . 009 0 . 529  0 . 345 - . 552  - . 0 7 3  0 . 092  
<l> 1E - . 148  0 . 153  - . 267  - . 7 62 0 . 102 0 . 018 qi 1 B2 0 . 131 - . 039 0 . 740 0 . 349 0 . 145 0 . 198 
<l> 1A 1  0 . 226 0 . 034 0 . 565 0 . 52 1  0 . 025 0 . 02 1  
0B = 71°  M. O.  C 1 C 2 C 3 C 4 C 5 c 6 
<!> 1 B 1  - . 85 3  - . 165  0 . 2 5 3  -
<l> 2A 1  - . 044 0 . 556 0 . 482 - . 5 34 0 . 168 0 . 079 
< hE - . 004 - . 533  - . 5 34 0 . 332 0 . 037  0 . 101 
<1>2B:z 0 . 001 0 . 521  0 . 265  - . 57 8  - . 08 7  0 . 067  
<f> 1E - . 156 0 . 0 16 - . 401 -.  7 11 0 . 12 5  0 . 049 <Pi B2 0 . 135 - . 008 0 . 784 0 . 287 0 . 142 0 . 209 
<j> 1A 1  0 . 22 7  0 . 024 0 . 562 0 . 5 31 0 . 015 0 . 009 
e = 1s 0 B M. O.  C 1 C 2 C 3 C 4 Cs- c 6 
<l> 1B i - . 854 - . 157 0 � 2 5 7  
¢2A1 - . 02 3  0 . 546 0 . 49 7  - . 524  0 . 176  0 . 052 
<j>3E 0 . 032 - . 537  - . 465 0 . 44 8  0 . 010 0 . 105 
¢2B2 - . 02 1  0 . 508 0 . 105 - . 615 - . 11 7  0 . 02 2  
¢ 1E - . 15 1  - . 075  - . 46 3  · - . 655 0 . 139 0 . 07 1  
¢ 1B2 0 . 136 0 . 06 7  0 . 830 0 . 170 0 . 128 0 . 221  
¢ 1A1 - . 229 - . 015 - . 558 - . 5 38 - . 004 0 . 002 
6A "" 3 6 °  
C 7 C e  M . O .  C 1 C :z 
¢ 1B 1  - . 853  - . 170 
¢ 2A1 - . 056 0 . 562  
0 . 049 0 . 108  < hE - . 02 7  - . 522  
<j> 2B :z 0 . 006 0 . 525 
- . 197  0 . 100 < hE - . 154 0 . 080 
¢ 1B2 0 . 133  - . 02 7  
<1>iA1 0 . 227  0 . 029 
C 7 C e M. O �  C 1 C :z 
<j> 1B 1  - . 85 3  - . 161  cp2A1 - . 033  0 . 551 
0 . 100 0 . 06 2 ¢ 3E 0 . 015 - . 5 36 
<P :z B:z - . 008  0 . 516 
- . 163 0 . 119 <l> 1E - . 154 - . 0 35 <PtB2 0 . 136 0 . 022 
c1>iA1 0 . 22 8  0 . 019 
C 1 C e M. O .  C 1 C :z 
¢ 1 B 1  - . 855 - . 153 
hE - 0 . 04 6  -. 5 36 
0 . 124 0 . 025  cp2A1 - . 015 0 . 541 
<j> 2B:z 0 . 039 - . 49 3  
- . 131 0 . 121 ¢ iE - . 147 - . 107 
¢ 1B :z 0 . 133 0 . 126 
¢ 1A1 - . 229 - . 011 
6B = 69 ° 
C 3 
0 . 251  
0 . 4 74 - . 539  
- . 579 0 . 244 
0 . 312 - . 564  
- . 344  - . 740 
0 . 7 6 1  0 . 32 3  
0 . 564 0 . 526  
eB = 7 30 C 3  C 4 
0 . 255  
0 . 489 - . 529 
- . 49 6  0 . 398 
0 . 198 - . 59 6  
- . 439 - . 681 
0 . 808 0 . 238  
0 . 560 Q . 5 35 
eB = 7 7 0 C 3 C 4 
0 . 258  
-. 442 0 . 486 
0 . 50 3  - . 5 19 
0 . 017  0 . 629 
- . 4 7 7  - . 63 3  
0 . 840 0 . 080 
- . 555  - . 54 1  
0 . 163  0 . 092 
0 . 05 3  0 . 09 9  
- . 07 8  0 . 081 
0 . 115 0 . 034 
0 . 144 0 . 203 
0 . 020  0 . 015  
C 5  c 6 
0 . 172  0 . 06 5  
0 . 02 3  0 . 10 3  
- . 100 0 . 048 
0 . 1 33 0 . 061 
0 . 137  0 . 2 15 
0 . 009 0 . 004 
C 5 c 6 
- . 002 0 . 108 
0 . 179 0 . 0 39 
0 . 137 0 . 011 
0 . 143 0 . 080 
0 . 1 12 0 . 2 2 3  
0 . 001  0 . 008 
0 . 0 7 8  
- . 181  
C 7 
0 . 114 
- . 146 
C 7 
0 . 1 30 
- . 117  
0 . 084 
0 . 113 
C a 
0 . 042 
0 . 122 
C e 
0 . 0 10 
0 . 119 
...., � 
' 
Tab le 2 8 .  continued 
M . O .  C t C 2 C 3  
$ 1 B 1 - . 8 4 8  - . 180 0 . 2 50 
< hA 1  - . 0 5 4  0 . 5 8 2  0 . 4 7 4  
<l> s
E - . 0 3 6  - . 5 1 1  - . 59 6  
cj> 2 B 2 0 . 00 5  0 . 5 2 4  0 . 328 
hE - . 15 1  0 . 10 3  - . 335 
¢ 1 B 2  0 . 1 35 - . 02 4  0 . 7 4 4  
<I> 1A 1  0 . 2 2 7  0 . 02 6  0 . 5 5 8  
-
M . O .  C 1 C 2 C 3 
cp 1B i - . 849 - . 17 2  0 . 2 5 4  
<fi 2A1 - . 0 2 8  0 . 5 70 0 . 49 1  
<j> 3E 0 . 00 8  - . 5 3 1  - . 506 
cp 2 B 2 - . 0 10 0 . 5 14 0 . 2 1 8  
4i iE - . 15 4  :... . 0 19 - . 4 4 3  cp 1 B a 0 . 1 38 0 . 02 4 0 . 794 h A 1  0 . 22 8  0 . 0 16 0 . 5 5 5  
M. O .  C 1  C 2 C 3 
cj> iB i - . 8 5 1  - . 16 3  o·. 256 
¢2A 1  - . 00 7  0 . 559 0 . 50 7  
¢ 3E 0 . 038 - . 5 32 - . 44 8  
cj>2 B 2 0 . 04 4  - . 48 8  0 . 014 4> 1� - . 14 8  - . 09 5  - . 486 � l 2 0 . 135 . 0 . 1 38 0 . 832 
� 1 A 1 - . 2 30 - . 006 - . 550 
aB = 6 7 ° 
c ,.  
- . 5 3 1  
0 . 2 2 1  
- . 5 5 7  
- . 7 4 1  
0 . 349 
0 . 5 2 8  
eB = 7 10 C 4 
- . 52 1  
0 . 3 8 7  
- . 592 
- . 680 
0 . 2 6 6  
0 . 5 3 6  
C 5  
0 . 159 
0 . 0 4 5  
- . 086 
0 . 1 10 
0 . 138 
0 . 016 
C5 
0 . 168 
0 . 0 14 
- . 105 
0 . 12 7  
0 . 130 
0 . 005 
SB = 7 5 ro 
c ,.  C 5 
- . 5 12 0 . 1 7 5  
0 . 4 7 9  - . 011 
0 . 6 34 0 . 140 
- . 629 0 . 1 3 7  
0 . 09 4 0 . 10 1  
- . 542 0 . 006 
c 6 
0 . 105 
0 . 09 5  
0 . 0 8 7  
0 . 0 3 2  
0 . 204 
0 . 0 16 
c 6 
-
0 . 0 7 7  
0 . 099 
0 . 0 5 4  
0 . 060 
0 . 2 18 
0 . 00 4  
c 6 
0 . 049 
0 . 10 3  
0 . 011 
0 . 079 
0 . 22 8  
0 . 00 7  
C 7  
0 . 0 69 
- . 1 86 
c , 
8A = 38 ° 
C a I M. 0 .  
¢ 1 B 1  
9 2A1 
0 . 09 8  I hE 
cp 2B 2 
0 . 1 10 I 4> 1E 
I <l> 1 B a 
I 4> 1 A i 
C a H . o·. 
<J>iB i 
¢ 2A 1 
0 . 110 0 . 054 cti 3E 
cp 2B 2 
- . 15 2  0 . 12 3  ¢ iE $ iB a 
' ¢ 1A1 
C 7  C a M. O .  
¢ 1B i 
C 1 
- . 84 8  
- . o4 o  
- . 01 2  
- . 001 
- . 1 5 4  
0 . 1 3 7  
0 . 22 8  
C 1 
- . 849 
- . 0 1 7  
0 . 02 4  
- . 024 
- . 152 
0 . 1 3 8  
- . 2 2 9  
C 1 
- . 852 
qi 2A1 · 0 . 00 1 
0 . 12 7 0 . 0 2 1  ¢ s
E 0 . 0 5 0  
¢ 2B 2 0 . 06 6  
- . 12 3  0 . 12 1  ¢ 1E - . 145 
< hB 2 0 . 12 7  
¢ 1A1 - . 2 30 
C 2 
- . 1 7 6  
0 . 5 76 
- . 5 2 6  
0 . 5 19 
0 . 0 35 
- . 006 
0 . 02 1  
C:z  
- . 1 6 8  
0 . 564 
- . 5 3 3  
0 . 506 
- . 061 
0 . 0 1 1  
- . 0 1 1  
C 2 
- . 158 
Q . 5 54 
- . 5 3 1  
- . 45 8  
- . 12 1  
0 . 2 1 1  
- . 0 0 3  
C3  
0 . 2 52 
0 . 482 
- . 54 8  
0 . 2 8 4  
- . 4 0 0  
0 . 7 6 7  
0 . 5 5 7  
C 3  
0 . 2 5 5  
0 . 499 
- . 4 7 3  
0 . 1 2 1  
- . 4 7 0  
0 . 819 
- . 5 5 3  
C 3  
0 . 2 5 7  
0 . 514 
- . 42 9  
0 . 1 6 7  
- . 49 5  
0 . 8 19 
- . 54 7  
9B = 69 ° 
C 4  
- . 52 6  
0 . 3 1 5  
- . 5 7 2  
- . 7 1 1  
0 . 31 5  
0 . 5 32 
0B = 7 3 ° 
c ,.  
- . 5 1 7  
0 . 4 39 
- . 6 1 5  
- . 65 3  
0 . 194 
.,,. . 5 39 
eB = 7 7
0 
c ,.  
- . 508 
0 . 510 
0 . 6 3 7  
- . 6 10 
- . 02 0  
- . 5 4 5  
c,  c 6 
0 . 164 0 . 09 1  
0 . 029 0 . 09 7  
- . 09 3  0 . 0 7 3  
0 . 1 2 0  0 . 04 7  
0 . 1 35 0 . 2 1 1  
0 . 0 1 1  0 . 0 10 
C 5  c 6 
0 . 172 0 . 06 3  
0 . 00 1  0 . 101 
- . 12 0  0 . 02 6  
0 . 1 3 3  0 . 0 70 
0 . 1 19 0 . 2 2 5  
o . oo o  0 . 00 1  
C 3  c 6 
0 . 1 7 8  0 . 0 3 5  
- . 02 2  0 . 106 
0 . 159 0 . 05 4  
0 . 141 0 . 087 
0 . 0 7 5  0 . 22 5  
0 . 0 1 1  0 . 012 
c , 
0 . 09 3  
- . 169 
C 7 
0 . 1 2 0  
- . 1 36 
C 7 
0 . 13 1  
- . 11 1  
C e 
0 . 0 7 4  
0 . 1 19 
C e 
0 . 0 3 6  
0 . 12 3  
C a 
0 . 00 7  
0 . 1 18 
....... Ul 
11 . 0 .  
¢ 1 B 1  
¢ 2A 1  
¢ 3E 
h B 2  
¢ 1E 
¢ 1 B 2  
hA1 
M. O.  
<l> i  B 1 
hA1. 
hE 
11> 2 B 2 
¢ 1E t.j> 1 B 2  
¢ 1 A 1  
. -
M. O.  
<I> 1 B i  
4> 2A 1  d) E :'I 
¢ 2B 2  
< hE <f> 1B 2  
$ 1A 1 
Tab le 2 8 .  continued 
eB = 6 7 °  
C 1 C 2 C 3 C 4 c ,  C & 
- . 84 3  - . 186 0 . 2 5 1  
- . 0 3 7  - 0 . 5 9 8  0 . 4 80 - . 5 16 0 . 162 0 . 104 
- . 0 19 - . 518 - . 559 . 0 . 304 0 . 020 0 . 09 3  
·- . 00 2  0 . 51 8  0 . 302 - . 5 6 6  - . 09 9  0 . 080 
- . .15 3  0 . 052 - . 400 - . 7 09 0 . 114 0 . 04 6  
0 . 1 39 - . 00 3  0 . 749 0 . 344 0 . 131 0 . 2 1 1  
0 . 2 28 0 . 018 0 . 552 0 . 5 33 0 . 00 8  0 . 0 1 1  
eB = 7 1  o C 1  C 2 C 3 C 4 C 5 c 6 
- . 845 - . 1 7 8  0 . 2 54 
- . 0 1 1  0 . 584 0 . 499 - . 509 0 . 1 7 0  0 . 0 7 4  
0 . 0 1 8  - . 52 8  - . 480 0 . 4 32 - . 00 7  0 . 09 6  
- . 0 2 7  0 . 50 3  0 . 138 - . 6 16 - . 125 0 . 0 31 
- . 152 - . 049 - . 47 8  - . 649 0 . 12 7 0 . 0 7 0  
0 . 140 0 . 0 7 7  0 . 80 7  0 . 2 19 0 . 113 0 . 2 2 8  
- . 2 29 - . 00 7  - . 54 8  - . 540 0 . 00 3  0 . 001 
-
eB = 75 ° 
C 1 C 2  C 3 C 4 C 5 c 6 
- . 84 7  - . 169 0 . 2 5 6  
0 . 0 10 0 . 5 72 0 . 5 1 7  - . 501 0 . 1 7 6  0 . 044 
0 . 04 3  - . 52 8  - . 4 3 3  0 . 504 - . 029 0 . 10 1  
0 . 0 7 5  - . 44 3  0 . 184 0 . 645 0 . 162 0 . 06 2  
- . 14 5  - . 109 - . so s  - . 60 6  0 . 136 0 . 08 7  
0 . 12 4 0 . 2 35 0 . 80 7  - . 02 6  0 . 06 1  0 . 22 7 . 
- . 2 30 0 . 002 - . 54 2  - . 546 0 . 014 0 . 012 
eA = 4 0 °  
C 7 C e M. O .  C 1 C 2 
¢ 1 B 1  - . 844 - . 182 
<j> 2A 1  - . 02 3  0 . 59 1  
0 . 08 7  0 . 086 i bE 0 . 00 1  - . 52 6  
cp 2 B 2  - . 01 1  0 . 5 1 3  
- . 1 7 3  0 . 119 ¢ iE - . 154 - . 00 5 
¢ 1 B 2  0 . 140 0 . 02 7  ¢.1A 1 0 . 2 2 9  0 . 01 3  
C 7 C e  M. O .  C 1 C 2 
<I> lB i - . 84 6  - . 1 7 3  
<1> � A 1  o . ooo 0 . 5 7 8  
0 . 117 0 . 04 7  . <j> 3E 0 . 0 3 1  - . 52 8  
<j> 2 B 2  0 . 049 - . 481 
- . 14 1  0 . 125 < hE - . 149 - . 08 2  <f> 1 B 2 0 . 1 35 0 . 152 
<1> / 1 - . 2 30 - . 00 3 
C 7 C e M. O .  C 1 C 2 
<j> iB i - . 84 8  - . 164 
cl> 2A 1  0 . 018 0 . 566 
0 . 129 0 . 01 8  cj> �E 0 . 05 3  - . 52 6  <j>2B 2 0 . 09 5  - . 400 
- . 115 0 . 12 1 < hE - . 142 - . 132 
<l> 1B :z 0 . 111 0 . 29 7  cf> 1A 1 - . 2 30 0 . 006 
8B = 6 9 °  
. C 3 c ,.  
0 . 2 5 2  
0 . 489 - . 5 12 
- . 5 14 0 . 3 7 8  
0 . 2 38 - . 5 88 
- . 4 4 8  - . 6 7 7  
o .  7 78 0 . 29 5  
0 . 5 50 0 . 5 3 7  
0B = 7 3 ° 
C 3 c ,. 
0 . 2 5 5  
0 . 508 - . s o s  
- . 45 3 0 . 4 7 3  
0 . 0 1 1  0 . 640 
- . 49 5  - . 6 2 6  
0 . 82 3  0 . 107 
- . 545 - . 54 3  
SB = 7 7 0 
C 3 C 4 
0 . 2 5 7  
0 . 52 5  - . 49 9  
- . 418 0 . 530 
0 . 32 7  0 . 62 7  
- . 5 10 - . 59 0  
0 . 764 - . 1 36 
- . 5 39 - . 5 4 8  
c , . c 6 
0 . 166 0 . 089 
0 . 00 6  0 . 09 4  
- . 109 0 . 060 
0 . 1 2 2  0 . 059 
0 . 12 5  0 . 2 19 
0 . 00 3  0 . 005 
c, c 6 
0 . 1 7 3  0 . 059 
- . 019 0 . 09 8  
0 . 144 0 . 012 
o-. 132 0 . 0 7 9  
0 . 09 1  0 . 2 32 
0 . 009 0 . 00 6  
c , c 6 
0 . 17 8  0 . 0 30 
- . 040 0 . 104 
0 . 1 7 4  0 . 10 3  
0 . 1 39 0 . 09 3  
0 . 0 3 3  0 . 2 15 
0 . 020 0 � 01 7  
C 7 
0 . 10 5  
- . 1 5 6  
C 1 
0 . 124 
- . 12 7 
C 7 
0 . 1 3 1  
- . 10 5  
C e 
0 . 06 5  
0 . 12 4  
C a 
0 . 031 
0 . 12 3  
C e 
0 . 00 5  
0 . 118 
....... 
CJ'\ 
Tab le 2 8 .  continued 
SB = 6 7 ° 
SA = 4 2 °  eB = 6 9 °  M. O .  C 1 C 2  C 3 C 4 Cs  c 6  C 7 C s  I M . O. C 1 C 2  C 3 C 4 C 5 c 6  C 7 C e  
¢ 1 B 1  - . 839 - . 1 9 2  0 . 2 5 1  4> 1 B i - . 840 - . 1 8 7  0 . 2 5 3  
¢ 2 A 1  - . 019 0 . 6 1 3  0 . 485 - . 502 0 . 166 0 . 1 0 3  ¢ 2A 1  - . 00 5  0 . 606 0 . 49 6  - . 499 0 . 169 0 . 08 7  
¢ 3E - . 004 - . 519 - . 52 1  0 . 3 7 4  -- . 002 0 . 09 0  0 . 101 0 . 0 7 5  cp 3E 0 . 012 - . 52 3  - . 485 0 . 42 8  - . 0 15 0 . 09 2  0 . 113 0 . 05 7  
¢ 2B 2 - . 0 1 3  0 . 5 10 0 . 2 60 ·- . 5 82 - . 1 14 0 . 06 7  cp 2 B 2  - . 029 - o.  500 0 . 1 5 5  - . 6 1 5  - . 129 0 . 0 3 5  <!> iE - . 1 5 2  0 . 00 7  - . 4 55 - . 6 7 3  0 . 116 0 . 060 - . 160 0 . 12 5  4> i E - . 15 1  - . 0 3 6  - . 4 86 - . 6 4 5  0 . 12 1  0 . 0 7 0  - . 145' 0 . 12 6  
¢ 1B 2  0 . 142 0 . 02 9  0 . 760 0 . 3 2 5  0 . 12 3 0 . 2 19 $ t B 2 0 . 14 1 0 . 083 0 . 7 9 3  0 . 24 5  0 . 109 0 . 2 2 9  
cp 1A 1  0 . 2 30 0 . 010 0 . 5 4 7  0 . 5 3 7  0 . 001 0 . 00 5  cf> i A1 - . 2 30 - . 004 - . 5 44 - . 540 0 . 005 0 . 000 
eB = 7 1  o SB = 7 3 °  M. O .  C 1  C 2  C 3 C 4 C s  c 6  C 7 C s  M. O .  C 1  C 2  C 3 C 4 C s  c 6  C 7 C s  
<J>i B  i - . 841 - . 183 0 . 2 5 4  ¢ .1.B 1  - . 84 3  - . 1 7 8  0 . 2 5 4  
<!> 2 A 1  0 . 008 o.  599 0 . 506 - . 4 9 6  0 . 1 72 0 . 0 7 1  ¢ 2 A 1  0 . 018 0 . 592 0 . 5 1 6  - . 4 9 3  0 . 1 7 4  0 . 0 ) 5  <bE  0 . 02 5  - . 524 - . 4 5 7  0 . 4 68 - . 0 2 6  0 . 09 3  0 . 12 1  0 . 041 ¢ 3E 0 . 0 3 7  - . 5 2 5  - . 436 0 . 499 - . 0 3 7  0 . 09 6  0 . 126 0 . 02 8  
< hB 2 0 . 056 - . 4 7 3  0 . 0 14 0 . 64 8  0 . 150 0 . 0 1 5  cp 2B 2 0 . 086 - . 42 3  0 . 2 14 0 . 6 5 2  0 . 1 6 7  0 . 0 7 4  
¢ 1E - . 149 - . on - . 504 - . 6 2 1  0 . 126 0 . 0 7 9  - . 131 0 . 12 5  ¢ ;.E - . 146 - . 098 - . 5 15 - . 601 0 . 130 0 . 08 7  - . 1 19 0 . 123 <!> 1 B 2  0 . 135 0 . 170 0 . 813 0 . 115 0 . 082 0 . 2 3 5  4> 1B2  0 . 12 0  0 . 2 6 7  0 . 789 - . 043 0 . 045 0 . 22 7  4> 1A 1  - . 2 30 0 . 00 1  - . 54 1  - . 54 3  0 . 011 0 . 00 6  ¢ i A i  - . 2 30 0 . 006 - . 5 38 - . 546 0 . 0 1 7  0 . 0 1 1  
==..-==- = 
B = 7 5 0 M. O .  C 1  C2  C 3 C 4 C s  c 6  C 7 C s  
¢ 1B i - . 84 4  - . 1 7 3  0 . 2 5 5  
¢ 2A 1  0 . 02 8  0 . 5 85 0 . 5 2 5  - . 49 1  0 . 1 7 7  o .  0 39 
4> 3E 0 . 04 7  - . 52 4  - . 42 1  0 . 5 2 4  - . 04 7  0 . 099 0 . 129 0 . 0 16 
� 2B 2 0 . 106 - . 3 72 0 . 36 3  0 . 629 0 . 1 75 Q . 118 
cj> 1B 2 0 . 104 0 . 329 0 . 7 3 8  - . 162 0 . 0 1 5  0 . 2 12 
¢ 1E - . 14 3  - . 120 - . 520 - . 5B5 0 . 134 0 . 09 4  - . 109 0 . 12 0  cf> iA1  - . 2 30 0 . 010 - . 5 34 - . 5 4 8  0 . 022 0 . 01 7  
a
Orb itals are given in order o f  highes t bonding to lowes t level , a s  i n  Table 2 T .  ....... 
....... 
Tab le 2 9 . Populations of atomic orb it als in bonding molecular orb i t als for dis torted D 2 d geome t r ies , 18 e- cas e 
eB = 6 7 ° 
N. O .  P 1  P 2  P ::i  p 4  p 5  P 6  
qi 1 B 1  0 . 82 2  0 . 055 0 . 12 3  
cp 2A 1  0 . 0 1 3  0 . 429 0 . 17 8  0 . 2 9 6  0 . 054 0 . 030 <l> sE 0 . 015 0 . 344 0 . 556 o . ooo 0 . 0 3 1  0 . 02 1  q> 2 B 2  0 . 00 1  0 . 449 0 . 132 0 . 39 2  0 . 005 0 . 02 2  < hE 0 . 048 0 . 088 0 . 0 3 1  o .  7 1 8  0 . 014 o . ooo cp 1B 2  0 . 046 0 . 00 7 0 . 64 6  0 . 181 0 . 04 8  a . o n 
<j> 1A 1  0 . 114 0 . 00 8  0 . 482 0 . 38 8  o . oo s  0 . 00 3  
= 
eB = 7 1  o 
M. O .  P 1  P 2  p 3 p 4  p �  P 6  
-
¢ 1B 1 0 . 822 0 . 0 5 1  0 . 12 7  
<1> /· 1  0 . 00 7  0 .  1+2 7 0 . 19 6 0 . 2 9 1  0 . 06 1  0 . 0 19 
<jl 3E 0 . 002 0 . 425 o .. 447  0 . 05 1  0 . 0 19 0 . 02 7  <j> 2B 2  0 . 00 1· 0 . 443 Q . 10 3  0 . 4 32 0 . 008 0 . 014 <j> l. E 0 . 060 0 . 0 15 0 . 12 7  0 . 679  0 . 029 0 . 00 1  
� 1B 2 0 . 0 4 7  0 . 004 0 . 690 0 . 136 0 . 048 0 . 0 7 5  
� 1A 1  . 0 . 116 0 . 005 0 . 4 7 6  0 . 399 0 . 00 3  0 . 001 
= - "' 
013 = 7 5 °  
M . O .  P i  P 2  p 3  p 4  p 5 P 6  
4> 1 B 1  0 . 822 0 . 04 7  0 . 131 
cj> 3E 0 . 000 0 . 445 o . 329 0 . 152 0 . 00 8  0 � 0 3 1  
q, 2 A 1  0 . 00 4  0 . 42 3  0 . 2 12 0 . 2 84 0 . 06 6  0 . 0 10 
¢2 B 2  0 . 000 0 . 439 0 . 05 6  0 . 484 0 . 014 0 . 00 7  <P iE 0 . 061 0 . 00 1  0 . 2 30 0 . 588 0 . 04 3  0 . 00 6  
cp 1 B2  0 .  01+9 0 . 000 0 . 747  0 . 0 7 8  0 . 04 5  0 . 080 ¢ 1A 1  0 . 1 1 8  0 . 00 3  O . l+ 70 0 . 40 8  0 . 00 1  0 . 00 0  
- ----
p 7 
0 . 001 
0 . 088 
p 7  
-
0 . 015 
0 . 065 
p 7 
0 . 0 31 
0 . 040 
eA = 3 2 °  
P a  
0 . 032 
0 . 0 1 3  
P e  
0 . 0 1 3  
0 . 025 
Pe 
0 . 00 3  
0 . 0 30 
M . O .  P i  P 2 p 3  
¢ B l 1 0 . 822 0 . 0 5 3  0 . 12 5 q, 2A 1  0 . 0 10 0 . 4 2 8  0 . 1 8 7  
<j> j r:  Q . 00 7  0 . 39 1  0 . 509 < h B 2 0 . 001 0 . 446 0 . 1 19 
¢ 1E o.  055 . o .  045 0 . 07 2  
¢ 1 B 2  0 . 04 7  0 . 006 0 . 666 <j> 1A1 0 . 115 0 . 00 6  0 . 4 79 
M . O .  P i  P 2  P s  
I ¢ , B 1  0 . 82 2  0 . 049 0 . 129 <j> 3E o . ooo 0 . 4 42 0 . 384 
. qi 2A 1  0 . 00 5  0 . 4 2 5  0 . 204 
¢ 2B 2  o . ooo 0 . 4 4 1  0 . 081 4> 1E 0 . 0 62 0 . 001 0 . 183 
¢ 1B 2 0 . 049 0 . 002 0 . 7 17 
4> 1A 1 . 0 . 1 1 8  0 . 004 0 . 4 7 3  
M. O .  P i  P 2  p 3 
cj> 1 B 1  0 . 822 0 . 0 45 0 . 1 33 
c hE 0 . 002 0 . 440 0 . 2 86 
cp 2A 1  0 . 00 3  0 . 420 0 . 22 0  
c hD2 o . ooo 0 . 4 35 0 . 029 
< hr: 0 . 059 0 . 009 -0 .  265 <f>iB2 0 . 050 0 . 00 1  o .  7 7 9  
cp 1 A 1  0 . 119 0 . 00 2  0 . 4 6 6  
= 
-- -� '---- � ___,.,. -�---
0B = 69 ° 
p 4  p 5  P 6  p 7  
0 . 2 9 3  0 . 05 7  0 . 024 
0 . 014 0 . 02 5  0 . 024 0 . 00 7  
0 . 410 0 . 006 0 . 018 
o.  710 0 . 02 1  - . 00 0  0 . 07 8  
0 . 160 0 . 04 8  0 . 0 7 3  
o .  39 4 0 . 004 0 . 00 2  
6B = 7 3 ° 
p 4  P s  P 6  p 7  
0 . 101 0 . 0 1 3  0 . 02 9  0 . 024 
0 . 2 8 7. 0 . 0 6 3  0 . 014 
0 . 456 0 . 010 0 . 0 1 1  
0 . 6 34 0 . 0 3 7  0 . 0 0 3  0 . 0 5 2  
0 . 109 0 . 0 4 7  0 . 0 7 7  
0 . 403 0 . 002 0 . 001 
0 B = 7 7 0 
p 4  P s  P 6  p 7 
0 . 19 7  0 . 00 5  0 . 0 32 0 . 0 36 
0 . 2 8 1  0 . 069 0 . 00 7  
0 . 5 1 3 . 0 . 0 19 0 . 00 3  
o-. 548 0 . 04 8  0 . 009 0 . 0 31 
0 . 04 6  0 . 042 0 . 0 82 
0 . 41 2  0 . 00 1  0 . 000 
P e  
0 . 022 
0 . 02 0  
Pa  
0 . 00 7  
0 . 029 
P e  
0 . 00 1  
0 . 030 
...., CX> 
Tab le 29 . con tinued 
eB • 6 7 °  M. O. P i P 2 p 3  p ,.  p ,  
4> i B 1 0 . 8 14 0 . 06 1  0 . 1 2 5  4> Ai 0 . 0 10 0 . 4 4 4  0 . 184 0 . 2 78 0 . 055 2 E 0 . 0 11 0 . 36 7 0 . 540 0 . 006 0 . 021 h .p l B a 0 . 00 1  0 . 446  0 . 129 0 . 39 6  0 . 009 
� iE 0 . 05 1  0 . 064 0 . 055  o .  7 12 0 . 0 1 8  cp 1B 2 0 . 04 8  o . oos 0 . 647 0 . 1 8 1  0 . 0 4 4  cp i A i 0 . 116 0 . 00 6  0 . 4 7 5 o .  39 9 0 . 00 3  
0B = 1 10 M. O .  P i P 2 p 3  p ,.  p ,  
cp 1B 1 0 . 8 15 0 . 0 5 6  0 . 129 
� 2 A 1 0 . 005 0 . 440 0 . 202 0 . 2 74 0 . 06 1  lj> 3E 0 . 00 1  0 . 4 3 5 0 . 412  0 . 085 0 . 010 .p l B 2 0 . 000 0 . 440 0 . 09 2  0 . 442  0 . 0 12 
4> 1E 0 . 06 1  0 . 005 0 . 1 70 0 . 644  0 . 0 33 
� 1 n l 0 . 049 0 . 002 0 . 69 7 0 . 129 0 . 042 
4> 1 A 1 0 . 118 0 . 00 3  0 . 469 0 . 408 0 . 00 1  
0B = 7 5° 
· M. O .  P 1 P a p 3  p ,.  p ,  
� 1 B 1 0 . 8 16 0 . 05 1  0 . 132 
� 3! 0 . 00 1  0 . 44 1  o .  382 0 . 186 0 . 00 3  
� 2 i 0 . 002 0 . 4 34 0 . 2 19 0 . 26 8  0 . 0 6 7  f2 B a 0 . 000 0 . 4 3 3  0 . 0 37 0 . 504 0 . 02 1  
4> 1i 0 . 060 0 . 005 0 . 264 0 . 552  0 . 04 4  
� 1 2 0 . 051 0 . 00 1  0 . 76 3  0 . 06 1  0 . 0 37 
� 1A 1 0 . 1 19 0 . 002 0 . 461  0 . 4 17 0 . 000 
-
0A • 34 ° 
P6  p 7  P a M. O .  P 1 P 2 
4> 1 B i 0 . 8 1 5  0 . 0 58 
0 . 030 4> :. Ai 0 . 00 7  0 . 442  
0 . 022 0 . 004 0 . 029 hE 0 . 004 . 0 . 4 1 0  
0 . 02 0  ,2 B 2 o . ooo 0 . 44 3  
- . ooo 0 . 0 8 3  0 . 016 4> i E 0 . 0 5 8  0 . 026 
0 . 0 75 4> 1 B 2 0 . 04 8  · 0 . 00 3  
0 . 00 2  4> i A i 0. 117  0 . 004 
P 6 P 1 P a M. O .  P i P 2 
4> 1B 1 0 . 8 16 0 . 054 
0 . 0 19 - 4> ;·A1 0 . 00 3  0 . 4 3 7 
0 . 02 7  0 . 020 0 . 0 1 1  �3E o . ooo 0 . 4 4 3  
0 . 01 3  ·4> 2B 2 o . ooo 0 . 4 3� 
0 . 002 0 . 058 0 . 02 8  4> > E Q . 061 o . ooo 
0 . 080 c hB 2 o . oso o . ooo 
0 . 001 4> , A 1 0 . 119 0 . 002 
= -
P 6 P 1 P a M. O .  P 1 P 2  
4> 1 B 1 0 . 818 0 . 049 
0 . 0 30 0 . 0 34 0 . 002 4> sE 0 . 00 3  0 . 4 35 
0 . 010 � 2A 1 0 . 00 1  0 . 4 32 
0 . 005 4> • B 2 0 . 00 1  0 . 42 5  
0 . 008 0 . 0 36 0 . 0 31 � iE 0 . 05 8  0 . 014 
0 . 087 � iB 2 0 . 051 0 . 00 7  
o . oo o  � 1A
i. 
0 . 120 0 . 00 1  
eB .. 7 1  o 
p ,  P •  
0 . 1 2 7  
0 . 19 3  0 . 2 7 7  
0 . 4 8 0  0 . 0 36 
0 . 113 0 . 4 17 
0 . 109 0 . 6 8 8  
0 . 6 70 0 . 1 5 7  
0 . 4 72 0 . 404 
e B :: 7 3 0 
p 3  p ,.  
0 . 1 31 
0 . 2 1 1  0 . 2 71 
0 . 3 5 1  0 . 1 3 8  
0 . 066 0 . 4 72 
0 . 2 2 3  0 . 596 
o .  729 0 . 09 7 
0 . 4 6 5  0 . 4 13 
eB = 7 7 0 
p ,  p ,.  
0 . 1 3 3  
0 . 264  0 . 22 6  
0 . 2 2 6  0 . 2 6 5  
0 . 011 0 . 5 3 5  
0 . 29 4  0 . 51 7  
0 . 7 9 4  0 . 02 6  
0 . 4 5 8  0 . 42 1  
p ,  P 6 
0 . 0 5 8  0 . 024 
0 . 016 0 . 02 5  
0 . 010 0 . 01 7  
0 . 026  o . ooo 
0 . 04 3  0 . 0 7 7  
0 . 002 0 . 00 1  
p ,  P 6 
0 . 064 0 . 014 
0 . 006 0 . 0 2 9  
0 . 015 0 . 009 
0 . 0 39 0 . 005 
0 . 040 0 . 0 8 3  
0 . 001 o . ooo 
p ,  p ,  
0 . 00 1  0 . 0 3 1  
0 . 069 0 . 006 
0 . 02 8  0 . 001 
0 . 04 8  0 . 01 1  
0 . 032 . 0 . 09 0  
0 . 000 0 . 000 
P 1 
0 . 0 1 1  
0 . 07 1  
P 1 
0 . 02 8 
0 . 046 
p 7  
0 . 038 
0 . 02 8  
Pa 
0 . 019 
0 . 02 3  
P •  
0 . 005 
0 . 030 
P a 
o . oo o  
0 . 031 
"""" "° 










. o . P 1 
� 
B i  0 . 80 7  l 
A1  0 . 00 7  2E 0 . 00 7  '3 
2B 2  · 0 . 000 
E 0 . 055 iB  0 : 0 50 l 2 
1A1  0 . 1 1 8  
= 
( . 0 .  P 1  
> iB i 0 . 809 
).2A1  0 . 00 3 
p 3E o . ooo � 2B 2  0 . 000 
hE 0 . 061 
hB 2  0 . 0 5 1  hA1 0 . 119 
M . O .  P 1 
cj> 1 B 1 . 0 . 812 
,Jl2 A1  0 . 001 
cj> 3E 0 . 00 2 ¢ :i B 2  0 . 00 1  
c/> 1E 0 . 0 38 
4> 1 B 2 0 . 052 
$ 1A 1  0 . 120 
P 2 p 3 
0 . 06 6  0 . 1 2 7  
0 . 4 59 0 . 188 
0 . 3 9 2  0 . 5 10 
0 . 4 4 2  0 . 12 4  
0 . 04 0  0 . 09 3  
0 . 00 3  0 . 64 8 
0 . 004 0 � 46 7  
-
P 2 p 3  
0 . 06 1 0 . 130 
0 . 453 0 . 207 
0 . 439 0 . 37 1  
0 . 436 0 . 0 7 8  
0 . 000 0 . 2 18 
o . ooo 0 . 708 
0 . 002 0 . 4 60 
P 2 p 3  
0 . 056 0 . 133 
0 . 4 4 7  0 . 2 2 5  
0 . 436 0 . 2 7 5 
0 . 422 0 . 0 1 5  
0 . 0 10 0 . 2 9 8  
0 . 008 0 . 7 8 1  
0 . 00 1  0 . 45 3 
e B = 6 7 °  
p 4  p ,  P 6  
0 . 2 6 1  0 . 056 0 . 0 30 
0 . 02 4  0 . 0 1 3  0 . 02 3  
0 . 402 0 . 0 1 3  0 . 0 1 9  
0 . 694 0 . 022 o . ooo 
0 . 181 0 . 040 0 . 0 7 8  
0 . 409 0 . 00 2  0 . 00 1  
e B = 7 1  o 
p 4  p ,  P 6  
0 . 2 5 7  0 . 0 6 2  0 . 01 8  
0 . 126 0 . 004 0 . 02 6  
0 . 4 5 8  0 . 0 18 0 . 0 1 1  
0 . 60 1  0 . 0 35 0 . 004 
0 . 118 0 . 037  0 . 086 
0 . 4 18 0 . 001 0 . 000 
eB = 7 5 ° 
p 4  p ,  P 6  
0 . 2 5 2  0 . 06 7  0 . 009 
0 . 2 2 0  0 . 00 1  0 . 0 2 9  
0 . 5 3 1  0 . 0 30 0 . 002 
0 . 517  0 . 043 0 . 01 1  
0 . 0 3 7  0 . 02 8  0 . 0 9 5.  
0 . 42 6  o . ooo o . ooo 
8A = 36(' 
p 7  P a  M . O .  P 1 P 2 
� 1R 1  0 . 809 0 . 0 6 3  
c/> 2A 1  0 . 004 0 . 4 5 6  
0 . 00 8  0 . 02 5  <j> 3F. 0 . 002 0 . 4 2 5  <!> 2B 2  o . ooo 0 . 4 39 
0 . 0 7 6  0 . 02 0  < hE 0 . 060 0 . 011 cj> 1B 2  0 . 0 5 1  0 . 00 1  
<l> 1A1  0 . 119 0 . 003 
P 1  P e  M . O . P 1  P :z  
¢ 1B 1  0 . 8 11 0 . 0 58 
¢ 2A1 0 . 001 0 . 4 5 0  
0 . 02 5  0 . 008 hE o . ooo 0 . 4 4 1  
cj> 2B 2  o . ooo o. 4 32 
0 . 050 0 . 0 30 c/> 1E 0 . 060 0 . 002 
cp 1H 2  0 . 0 5 2  0 . 00 1  � / 1 0 . 120 0 . 00 1  
P 1  p ,9  M . O . P 1 P 2  
¢ i B  i 0 . 813 0 . 0 5 3  ¢ E " 0 . 004 0 . 4 29 
0 . 0 3 6  0 . 001, cj> 2A1 o . ooo 0 . 44 3 hB 2 0 . 004 o. 399 
0 . 0 31 0 . 032 F 0 . 05 6  0 . 02 0  : :1� 2 0 . 050 0 . 02 1  
� 1A1  0 . 12 1  o . ooo 
0B = 6 9 ° 
P s  p 4  
0 . 12 8  
0 . 19 8  0 . 2 59 
0 . 4 3 8  0 . 0 7 1  
0 . 104 0 . 4 2 7  
0 . 158 0 . 6 5 2  
0 . 6 7 5  0 . 152 
0 . 4 6 4  0 . 4 1 3  
eB = 7 30 
p 3 p 4  
0 . 1 3 1  
0 . 2 16 0 . 2 5 4  
0 . 3 1 7  0 . 17 7 
0 . 04 6  0 . 49 4  
0 . 2 6 5  0 . 5 5 5  
0 . 745 0 . 0 7 8  
0 . 4 5 7  0 . 4 2 2  
eB = 7 7 0 
p 3 p 4  
0 . 1 3 3  
0 . 2 44 0 . 2 54 
0 . 2 3 3  0 . 249 
- . 000 0 . 5 5 8  
o .  32 1 0 . 48 7  
0 . 800 0 . 006 
0 . 449 0 . 4 30 
p ,  P 6  
0 . 059 0 . 02 4  
0 . 00 8  0 . 025 
0 . 0 1 5  0 . 0 1 5  
0 . 029 0 . 00 2  
0 . 039 0 . 082 
0 . 0 0 1  0 . 00 1  
p ,  P 6  
0 . 0 6 5  0 . 0 1 3  
0 . 00 2  0 . 02 7  
0 . 0 2 2  0 . 00 6  
0 . 0 39 0 . 00 7  0 . 0 33 0 . 09 0  
o . ooo o . ooo 
p ,  P 6  
- . ooo 0 . 0 30 
0 . 069 0 . 00 6  
0 . 0 39 - . ooo 
0 . 04 6  0 . 014 
0 . 02 0  0 . 09 7  
o . ooo o . ooo 
p 7  
0 . 0 16 
0 . 063 
p 7  
0 . 0 3 1  
0 . 040 
P 1  
0 . 0 39 
0 . 02 5  
P a  
0 . 0 1 5  
0 . 0 2 6  
P a  
0 . 004 
0 . 0 32 
-
P a  
0 . 000 
0 . 03 1  
Q) 0 
Tab le 2 9 .  continued 
M. O .  P i 
¢ 1 B i 0 . 801 
<f> 2A 1 0 . 004 <l> s! 0 . 00 3  $ 2 2 0 . 000 � li 0 . 0 58 <l> 1 Aa 0 . 05 1  $ i 1 0 . 1 19 
M. O .  P 1 
4> iB i 0 . 804 4' A i  0 . 00 1  2
E 0 . 000 <f> 3B h 2 0 . 000 
<l> 1E 0 . 060 
<f> 1B 2 0 . 0 5 3  
¢ /1 0 . 120 
= 
M. O .  P i 
.$ 1 B i · 0 . 80 7 <l>:aA 1  0 . 000 < h� 0 . 00 3  
< hE 2 0 .  00 5 
� 1 0 . 05 7  d> 1B 2 0 . 050 � iA 1  0 . 12 1 
P 2 
0 . 0 7 1  
0 . 4 7 4  
0 . 4 1 3  
0 . 4 3 7  
0 . 018 
0 . 00 1  
0 . 002 
P 2 
0 . 065 
0 . 467 
0 . 43 8 
0 . 4 30 
0 . 00 1  
0 . 00 1  
0 . 00 1  
-
P 2 
0 . 060 
0 . 459 
0 . 4 30 
0 . 39 1  
0 . 016 
0 . 0 3 3  
o . ooo 
6B = 6 7 '? 
p 3  P.1t p ,  
0 . 250 
0 . 192 0 . 2 4 3  0 . 0 5 8  
0 . 462 . 0 . 059 0 . 006 
0 . 1 16 0 . 4 12 0 . 0 1 7  
0 . 14 7  0 . 6 5 7  0 . 02 6  
0 . 6 5 2  0 . 17 6  0 . 0 37 
0 . 4 59 0 . 4 18 0 . 00 1  
eB = 7 1  o 
p 3  p ,.  P s 
0 . 2 5 4  
0 . 2 12 0 . 240 0 . 06 3  
0 . 3 30 0 . 1 7 1  0 . 00 1  
0 . 05 5  0 . 483 0 . 02 5  
0 . 2 6 6  0 . 555 0 . 0 35 
o .  7 2 5  0 . 09 7  0 . 0 30 
0 . 452 0 . 42 7  0 . 000 
6B = 7 5 °  
p 3  p ,.  
0 . 1 3 3  
0 . 2 30 0 . 2 36 
0 . 2 5 1  0 . 250 
- • 000' 0. 56 3 
0 . 329 0 . 48 3 
o .  7 9 1  0 . 009 
0 . 444 0 . 4 3 5  
i? 5 
0 . 06 7 
- . ooo 
0 . 04 1  
0 . 042 
0 . 016 
o . ooo 
P 6  
0 . 029 
0 . 02 3  
0 . 01 7  
0 . 00 1  
0 . 08 2  
0 . 00 1  
P 6 
0 . 0 1 7  
0 . 02 5  
0 . 00 7  
0 . 00 7  
0 . 09 3  
o . ooo 
P 6 . 
0 . 008 
0 . 02 7  
- . ooo 
0 . 014 
0 . 101 
o . ooo 
6A = 3 g o 
p 7 P a  M. o·. 
ip 1B 1 ip 2A 1  
0 . 0 1 3  0 . 02 0  rp 3E 
rp 2B 2  
0 . 068 0 . 02 5  hE ip 1 B a  <l> 1A 1 
p 7  P e  M. O .  
<j> 1 B i  4> ..iA1 
0 . 029 0 . 006 < hE rp 2B 2 
0 . 04 3  0 . 032 $ 1E 
<f> 1B 2 <I> 1A i 
P 1 P e  M. O .  
ip B 1 iA < h 1 
0 . 0 3 7  0 . 001 . E rp 3B 2 1P 2E 0 . 028 0 . 0 32 � tB < h 2 4> iA1 
P i P 2 
0 . 803 0 . 068 
0 . 002 0 . 4 7 1  
o . ooo 0 . 4 3 3 
- . 000- o .  4 35 
0 . 060 0 . 002 
0 . 052 o . ooo 
0 . 120 0 . 00 1  
P i P 2 
0 . 805 0 . 06 3  
o . ooo 0 . 462 
0 . 00 1  0 . 4 36 
0 . 00 1  0 . 418 
0 . 05 9  0 . 00 7  
0 . 0 5 3  0 . 009 
0 . 12 1  o . ooo 
P i P 2 
0 . 809 0 . 058 
o . ooo 0 . 4 5 4  
o . oos 0 . 42 2  
0 . 011 0 . 344 
0 . 054 0 . 026 
0 . 044 0 . 0 1 1  
0 . 12 1  o . ooo 
6B = 69 ° 
p 3 p ,.  
0 . 12 9  
0 . 202 0 . 2 42 
0 . 389 0 . 116 
0 . 089 0 . 44 3  
0 . 2 1 3  0 . 605 
0 . 685 0 . 141 
0 . 456 0 . 42 2  
eB = 7 3 ° 
p 3 p ,.  
0 . 132 
0 . 2 2 1  0 . 2 38 
0 . 285 0 . 2 1 5  
0 . 0 19 0 . 52 7  
o . 304 · 0 . 5 15 
0 . 7 6 7  0 . 049 
0 . 4 4 8  0 . 4 3 1  
6B = 7 7 0 
p 3  p ,.  
0 . 133 
0 . 2 38 0 . 2 3 3  
0 . 2 2 6  0 . 2 7 8 
0 . 02 3  0 . 566 
0 . 346 0 . 459 
o .  7 7 1 0 . 002 
0 . 440 0 . 4 38 
P s  P 6 
0 . 060 0 . 023 
0 . 00 3  0 . 0 2 4  
0 . 020 0 . 0 1 3  
0 . 0 3 1  0 . 004 
0 . 0 34 0 . 08 7  
o . ooo o . ooo 
p ,  P 6 
0 . 0 6 5  0 . 012 
o . ooo 0 . 026 
0 . 0 32 0 . 002 
0 . 0 39 0 . 0 10 
0 . 024 0 . 09 8  
- . ooo o . ooo 
P s  P 6 
0 . 069 0 . 00 5  
0 . 000 0 . 02 8  
0 . 0 5 1  0 . 004 
0 . 045 0 . 0 1 7  
0 . 008 0 . 09 8  
o . ooo o . ooo 
p 7 
0 . 02 2  
0 . 0 5 5  
p 7 
0 . 0 34 
0 . 0 35 
p 7 
0 . 040 
0 . 022 
P e 
0 . 012 
0 . 0 30 
P e 
0 . 00 3  
0 . 0 32 
P e 
o . ooo 
0 . 0 3 1  
a> .... 
Tab le 2 9 . cont inued 
eB =
· 6 7 °  . 
p 5 P 6  
<l> 1B 1  o .  795 0 . 076  Q . 12 9  
<j> 2A 1 0 . 002 0 . 489 0 . 194 0 . 2 2 6  0 . 060 0 . 029 <j> 3E 0 . 00 1  0 . 425  0 . 40 5  0 . 110 0 . 00 1  0 . 0 2 2  <I> B 2  0 . 000 0 . 4 3 2  0 . 10 3  0 . 42 8  0 . 023  0 . 015 :zE 0 . 059 0 . 005 0 . 2 11 0 . 606 0 . 028 0 . 00,4 <l> 1B c h A2 0 . 0 5 3  o . ooo 0 . 660 0 . 166 0 . 0 3 3  0 . 08 7  < h  1 0 . 120 0 . 00 1  0 . 452 0 . 4 2 6  o . ooo o . ooo 
eB = 71 o M . O .  P i P 2  p 3 p 4  P !I  P6 
<l> i B 1 0 . 799 0 . 070 0 . 131 
¢ 2A 1 0 . 000 0 . 4 79 0 . 2 15 0 . 224  0 . 06 5  0 . 016 
<l> sE 0 . 001 0 . 4 3 4  0 . 29 3  0 . 2 12 ; . ooo 0 . 02 4  <1> 2 B 2 0 . 00 2  0 . 414 0 . 02 4  0 . 52 3 0 . 0 34 0 . 00 3  
<l> 1E 0 . 059 0 . 004 0 . 310 0 . 5 1 2  0 . 035  0 . 010 hB 2 0 . 05 3  0 . 0 11 0 . 750 0 . 06 3  0 . 02 2  0 . 101 hA1 0 . 121 o . ooo 0 . 445  0 . 4 34 o . ooo o . ooo 
SB = 7 5 °  M. O .  P i P 2  P s p 4  p 5 P 6  
<l> 1B 1 0 . 802 0 . 064 0 . 133 
¢ 2A 1  o . ooo 0 . 469 . 0 . 2 35 0 . 2 2 1  0 . 068 0 . 00 7  � 3E 0 . 004 0 . 42 3  0 . 2 31 0 . 2 7 7  0 . 001 0 . 026 ¢ 2B 2  0 . 014 0 . 32 3  0 . 0 30 0 . 574  0 . 054 o . oos E 0 . 055 0 . 02 1  0. 356 0 . 454 Q . 04 1  0 . 01 7  <I> 1 
cf>i B 2 0 . 042 0 . 09 6  o .  754 0 . 002 0 . 005 0 . 101 
cj> 1A 1  0 . 12 1  o . ooo 0 . 436 0 . 442 o . ooo o . ooo 
8A = 40° 
p 7  P a  M. O .  P 1 P a  
<j> 1B 1  o .  7 9 8  0 . 0 7 2  
<l> 2A 1 0 . 001 0 . 4 85 
0 . 0 19 0 . 016 ip 3E o . ooo 0 . 4 35 
¢ 2 B 2 o . ooo· o . 428 
0 . 058 0 . 02 9  <I> !E 0 . 060 o . ooo ¢ 1B 2 0 . 054 0 . 001 
<l> l.A 1 0 . 121 o . ooo 
p ,  Pa  M . O .  P i  P 2 
<l> i  B i  0 . 801 0 . 06 7  
<j> 2 A 1  o . ooo 0 . 474 
0 . 0 32 0 . 005 <I> �� 0 . 002 0 . 429 < h  2 0 . 006 0 . 381 
0 . 037 0 . 033 <1> 1� 0 . 05 7  0 . 012 <1> 1 2 0 . 049 0 . 040 
¢ 1A 1  0 . 12 1 o . ooo 
p 7 P a  M . O.  P 1 P a  
cj> 1B 1 0 . 804 0 . 062 
<l> :otA 1  o . ooo 0 . 464 
0 . 038 0 . 001 cj> 3E 0 . 006 0 . 415 
hB 2 0 . 02 3  0 . 2 6 3  
0 . 024 0 . 0 32 < h E  0 . 053 0 . 0 31 4> 1B 2  0 . 034 0 . 154 
� iA 1 0 . 121 o . ooo 
8B = 69 ° p 3 
0 . 1 30 
0 . 205 0 . 2 2 5  
0 . 340 0 . 166 
0 . 06 6  0 . 4 7 0  
0 . 2 69 0 . 554  
0 . 70 3  0 . 1 19 
0 . 44 8  0 . 4 30 
eB = 7 3 0 
p 3  p ,.  
0 . 132 
0 . 2 2 5  0 . 2 2 2  
0 . 2 5 7  0 . 24 8  
- . ooo . 0 . 568 
0 . 337 0 . 479  
0 . 780 0 . 012 
0 . 440 0 . 4 38 
eB = 7 7 0 
P s  p 4  
0 . 134 
0 . 243 0 . 2 19 
0 . 2 11 0 . 299 
0 . 102 0 . 5 36 
0 . 368 0 . 4 35 
0 . 686 0 . 035 
0 . 4 32 0 . 445 
0 . 062 0 . 022  
o . ooo 0 . 02 3  
0 . 02 7  0 . 009 
0 . 032 0 . 00 7  
0 . 029 0 . 09 4  
0 . 000 o . ooo 
p 5 P6  
0 . 067 0 . 011 
o . ooo 0 . 02 5  
0 . 04l• - . ooo 
0 . 038 0 . 013 
0 . 01 3  0 . 105 
o . ooo o . ooo 
p 5  P 6  
0 . 070 0 . 004 
0 . 002 0 . 02 7  
0 . 060 0 . 017 
0 . 043 0 . 020 
0 . 001 0 . 09 1  
0 . 001 0 . 001 
0 . 02 7  
0 . 04 7  
p 7  
0 . 036 
0 . 0 30 
p 7  
0 . 039 
0 . 020 
0 . 009 
0 . 0 32 
P e  
0 . 002 
0 . 0 33 
P a  
o . ooo 
0 . 0 30 
OD N 
Tab le 29 . con tinued 
0B = 6 7 °  
eA • 42 ° 
0B = 69 ° M. O .  P 1 P 2 p 3  p 4  p ,  P 6  P 1  P a  M . O .  P i  P2  P s p ,.  p ,  P 6  P 1  P e  
cj> 1B 1 0 . 790 0 . 0 80 0 . 130 cj> 1B 1 0 . 79 2 0 . 0 7 7  0 . 1 31 
<ti:z A1 0 . 000 0 . 504 0 . 19 5  0 . 209 0 . 06 3  0 . 0 29 <f> 2A1  o . ooo 0 . 49 8 0 . 206 0 . 2 09 0 . 0 6 5  0 . 02 2  cj> 3E 0 . 000 0 . 429 0 . 348 0 . 164 - . ooo 0 . 02 1  0 . 025 0 . 012 cj> 3E 0 . 000 0 . 431 0 . 29 9 0 . 2 11 o . ooo 0 . 022 0 . 0 30 0 . 00 7  hB2  o . ooo 0 . 42 4  0 . 079 0 . 4 5 6  0 . 029 0 . 0 11 h B 2  0 . 002 0 . 410 0 . 0 30 0 . 5 17 0 . 037 0 . 004 <!> iE 0 . 060 0 . 000 0 . 2 7 4  o . sso 0 . 029 0 . 00 7  0 . 049 0 . 0 33 � tE 0 . 059 0 . 002 0 . 317  0 . 507 0 . 0 32 0 . 010 0 . 040 0 . 034 <l>i B 2 o .. 0 5 5  0 . 002 0 � 6 7 8  0 . 143 · 0 . 029 0 . 09 3  q, 1B 2 0 . 054 0 . 012 0 . 7 33 0 . 0 78 0 . 02 1  0 . 102 
¢ 1A1  0 . 000 0 . 504 0 . 19 5  0 . 209 0 . 06 3  0 . 029 <!> 1A1 0 . 12 1  o . ooo 0 . 442 0 . 437  o . ooo o . ooo 
8B = 7 1  o SB = 7 3 °  
M. O .  P i P 2 p 3  P i.  p ,  P 6 p 7 P e  M. C . P i  P 2  P s  P i.  p , P 6  P 1  P e  
q, 1B 1 0 . 7 94 0 . 0 7 4  0 . 1 3 1  ¢ �B i  0 . 7 9 7  0 . 0 7 1  0 . 132 
cj> 2A1 0 . 000 0 . 492 0 . 2 1 7  0 . 208 0 . 067 0 . 0 15 <l> 2A1  o . ooo 0 . 486 0 . 2 2 8  0 . 207  0 . 068 0 . 0 10 hE 0 . 001 0 . 4 2 8  0 . 2 6 2  0 . 2 4 7  0 . 001 0 . 02 3  0 . 0 34 0 . 00 4  <l> sE 0 . 003 0 . 42 3  0 . 2 34 0 . 2 76 0 . 002 0 . 024 0 . 036 0 . 002 cj>2B 2  0 . 008 0 . 369 - . 000 0 . 5 7 6  0 . 048 - . 000 · 4> B 2  0 . 019 0 . 29 3  0 . 04 3  0 . 580 0 . 057 0 . 008 2E ¢ 1E 0 . 05 7  0 . 009 0 . 346 0 . 4 7 4  0 . 0 34 0 . 01 3  0 . 033 0 . 034 <!> 1 0 . 130 0 . 08 7 - . 1 19 0 . 12 3  0 . 037 0 . 0 17 0 . 02 7  0 . 033 cj> 1B 2  0 . 049 0 . 0 50 0 . 7 6 8 0 . 014 0 . 0 1 1  0 . 108 <f> 1B 2  0 . 0 39 0 . 12 3  0 . 7 30 0 . 005 o·. 002 0 . 101 
c hA1  0 . 121 o . ooo 0 . 4 3 8  0 . 4 4 1  0 . 000 0 . 000 cj> 1A 1 0 . 12 1  o . ooo 0 . 4 33 0 . 444 0 . 001 o . ooo 
== 
eB = 75 ° 
M. O .  P i P 2 P s  p 4 p ,  P &  p 7  P e  
< hB 1 0 . 799 0 . 0 6 8  0 . 133 
¢ A i 0 . 001 0 . 4 79 0 . 2 3 7  0 . 206 0 . 069 0 . 006 :zE <l> s  0 . 005 0 . 4 1 7  0 . 214 0 . 2 9 8  0 . 00 3  0 . 02 5  0 . 0 38 o . ooo cj>2B2 0 . 029 0 . 2 2 6  0 . 130 0 . 533  0 . 061 0 . 022 
cj> 1B2  0 . 0 29 0 . 188 0 . 647  0 . 047 - . ooo 0 . 089 
h! 0 . 054 Q . 02 6  0 . 319 0 . 429 0 . 0 39 0 . 019 0 . 02 2  0 . 032 <I> 1 1 0 . 122 o .' ooo 0 . 428 0 . 448 0 . 001 o . ooo 
00 � 
8 4  
Tab le 3 0 . Energy leve ls for irreduc ib le repre s entat ions 
of D 2 d  geome t ries in the 34 e- sys teo.s 
eA = 3
2 ° 
0 B = 6 7 ° ea = 6 9 ° S B = 7 1° e B = 7 3 °  e B = 7 5 ° ea = 7 7 0  
energy en ergy ene rgy ene rgy ener gy energy 
level rep . leve l rep . level rep . level rep . leve l rep . leve l rep . 
-0 . 7 8 6 7  B 2  -0 . 6 2 3 3  B 2  -0 . 4 5 35 B 2  -0 . 2 849 B 2  -0 . 12 2 7  B 2  -0 . 0 2 5 2  B 2  
- 1 .  4 4 8 8  E - 1 . 6 34 8  E -1 . 8 1 1 3  E -1 . 9 7 9 9  E -1 . 9 0 80 A i  - 1 . 6 38 4  A 1  
-2 . 9 5 82 A 1  -2 . 7 0 9 7 A i -2 . 4 4 80 A i  -2 . 1 7 9 7  A i  -2 . 1 39 1  E - 2 . 2 89 9  E 
- 6 . 4 5 9 6  E - 6 . 4 6 34 E - 6 . 4 82 3 E -6 . 4 9 8 3  E -6 . 5 1 70 E -6 . 5 2. 4 6  E 
- 6 . 5 8 6 7 B 2  -6 . 5 7 3 5  B 2  - 6 . 5 7 7 1  B 2  -6 . 5 7 7 6  B 2  - 6 . 5 8 12 a 2  - 6 . 5 7 4 8  B 2  
- 7 . 7 5 4 9  A i  - 7 . 7 3 9 5  A i  - 7 . 7 5 1 4 A i  -7 . 7 499 A i  
- 7 . 7 4 89 A i - 7 . 7 3 6 5  A i  
- 8 . 8 1 6 6  E - 8 . 3 2 0 9  E -8 . 2 185 E - 8 . 1 0 5 6  E - 7 . 9 7 72 E - 7 . 8 0 8 1  E 
-8 . 3 8 8 7 E -9 . 0 2 4 8  B 1  -9 . 0 5 8 3 B i  -9 . 0 4 2 1  B i  - 9 . 0C 5 9  B i  - 8 . 9 7 6 1  B i  
-8 . 9 3 39 B i  - 9 .· 1 1 6 6  E - 9 . 39 8 6 E -9 . 6 814 E -9 . 9 6 0 8  E -9 . 8 1 3 7  B 2  
-9 . 4 7 2 3  A 2  -9 . 7 3 6 0  A2 -9 . 9 20 3  B i  -10 . 0 10 B i  - 10 . 0 32 B 2  
-10 . 19 2  B 1  
- 9 . 8 2 2 7 B 1  - 9 . 8 5 6 1  B i  -9 . 9 6 5 9  A 2 -10 . 19 1 A 2  - 1 0 . 108 B i  -10 . 2 2 8  E 
-10 . 5 00 B 2 - 10 . 4 6 4  B 2  ' - 10 . 36 2 B 2  - 10 . 2 1 6  B 2  - 1 0 . '-' 1 0  A 2  
-10 . 6 1 2  A 2  
- 10 . 7 7 6  A i  - 1 0 . 8 6 2  A i  -1 0 . 8 7 9  A i  -10 . 85 0  A i  - 1 0 . 7 7 9  A i  -10 . 6 5 9  A i 
- 1 1 . 4 2 3  E - 1 1 .  4 9 4  E - 1 1 .  5 4 6  E -11 . 5 8 6  E - 1 1 . 6 05 E - 1 1 . 5 9 1  E 
- 1 2 . 31 3  .. . i - J,. 2 . 4 0 7  A i  - 1 2 . 519 A i  -12 . 506 E - 1 2 . 34 9  E -12 . 2 19 E 
- 1 ? a a  � E - 1 2 . 8 37 E - ! 2 . 6 7 1 E -12 . 64 4  A i  - 12 . · 5 5  A z.  - 1 2 . 2 40 A� - - • ,.;1 .,  -
-13 . 1 6 7  B a  - 1 3 . 0 9 0  A a  - 1 2 . 880 A2 -12 . 66 9  A 2  
- 1 2 . 7 7 7  A 1  -1 2 . 9 2 5  A i  
- 1 3 . 2 88 A2 - 1 3 . 2 31 B 2  - 1 3 . 3 2 1  B 2  - 1 3 . 4 33 B 2  
- 1 3 . 5 5 4 B 2  - 1 3 . 6 84 B 2  
-15 . 6 7 5  B 1  - 1 5 . 6 6 7  B 1 -15 . 6 6 3  B i -15 . 6 5 7  B 1  - 1 5 . 64 6  B 1  - 15 . 6 5 1  B 1  
-15 . 8 7 6  B 2  - 1 5 . 9 5 1 B 2  - 1 6 . 0 2 5 B :z -1 6 . 088 S 2  - 1 6 . 1 38 S :z - 1 6 . 19 0  E 
-15 . 9 1 3  E - 1 5 . 9 7 3 E - 1 6 . 0 39 E - 1 6 . 108 E - 1 6 . 1 7 1  E -1 6 . 1 9 1 B 2  
- 1 6 . 4 1 7  A 1  - 1 6 . 4 34 A i  - 1 6 . 4 4 9 A 1  -16 . 389 
E - 1 6 . 30 5  E - 1 6 . 2 8 5  E 
- 1 6 . 6 2 1  E - 1 6 . 5 4 9  E - 16 . 4 72 E -16 . 4 5 6  A i  - 1 6 . 4 5 4  A i  - 1 6 . 4 5 9  A 1  
- 1 7 . 3 7 9  B 2 - 1 7 . 2 70 S 2  - 1 7 . 1 6 1  B 2  - 1 7 . 05 9 B 2  - 1 6 . 9 6 5  B 2  - 1 6 . 8 8 9  B 2  
-19 . 1 3 6  A i  -19 . 102 A i  -1 9 . 0 7 4  A i  
- 19 . 05 0 A i  - 1 9 . 0 3 0 A 1  -19 . 0 1 7  A 1  
eA 34 ° 
es = 6 7 ° e B = 6 9 ° SB = 7 1 °  e s  = 7 3 ° 6 B  = 7 5 ° e s  = 
7 7 ° 
energy ene rgy energy energy 
ene rgy ene rgy 
leve l  rep . level rep . level rep . level 
r ep . leve l rep . level rep . 
-0 . 6 382 B 2  - 0 . 4 8 5 3  B 2  - 0 . 3 34 8  S 2  
.:.o . 1 s 5 3  B 2  - 0 . 04 2 3 B 2  -0 . 0 7 9 7 S 2  
-1 . 3 8 2 6  E - 1 .  5 6 6 3  E - 1 . 7 4 9 6 E - 1 .  9 2 3 5  E - 2 . 0 84 1  E - 1 . 8 7 6 6  A 1  
- 3 . 2 32 5  A i  - - 2 . 9 7 2 6  A i  - 2 . 70 6 9  A i  - 2 . 4 3 2 3 A 1  
-2 . 1 5 05 A. 1  - 2 . 2 4 40 E 
- 6 . 4849 E - 6 . 5 0 1 2 E - 6 . 5 1 1 1  E - 6 . 5 2 4 5  E - 6
. 5 3 8 8  E - 6 . 5 4 4 4  E 
-6 . 5 8 2 1 B .: - 6 . 5 80 4  S 2  - 6 . 5 7 2 1  B 2  - 6 . 5 68 7 B 2  - 6 . 6 7 7 9  B 2  - 6 . 5 5 7 0 B 2  
- 7 . 7 5 5 3  A 1  - 7 . 7 6 0 7 A 1  - 7 . 7 5 2 1 A i  
- 7 . 7490 A i  - 7 . 7 8 9 0  A i  - 7 . 7 9 2 2  A i  
- 8 . 70 3 1  E - 8 . 6 6 4 2 E - 8 . 5 8 3 1 E - 8 . 4 4 81 E - 8 . 2 0 8 7  E - 7 . 9 9 6 8 E 
- 8 . 9 4 34 B !.  -9 . 0 1 3 9  B i  -9 . 0 339 B 1  -9 . 0 2 4 2  S i  
-9 .  0 32 3  B 1  -9 . 02 7 1 S 1 
-9 . 13 1 1  E - 9 . 3 32 8  E -9 . 5 8 .5 5  E -9 . 8 3
9 2  E -9 . 7 4 34 B 2  -9 . 4 7 31 B 2  
-9 . 59 33 A · -9 . 8 4 4 4  A 2  - 9  .. 9 6 9 8 B i  
- 1 0 . 00 2 s �  - 1 0 . 0 59 E - 10 . 1 8 7  B i  
� 
Tab le 30 . con t inued 
energy 
leve l rep . 
-9 . 84 35 B 1 
-10 . 42 9  B 2  
- 10 . 5 7 5  Ai  
- 1 1 .  4 34 E 
-12 . 10 1  A i  
-12 . 9 4 7  B 2 
-12 . 9 8 5  E 
-1 3 . 36 3 A 2 
-15 . 74 0  B 1 
- 15 . 9 32 B 2 
-16 . 00 9  E 
-16 . 389 A 1  
-16 . 5 4 9  E 
- 1 7 . 2 2 5  B2  
-19 . 09 1 A i 
0B = 6 7° 
ene rgy 
level rep . 
-0 . 4 7 5 9  B 2  
- 1 . 2 6 5 8  E 
- 3 . 5 1 1 3  A 1  
-6 . 4 89 5  E 
-6 . 5 5 6 2  B 2  
- 7 .  7 3 7 1  A 1 
-8 . 80 2 8 E 
- 8 . 9 2 4 8  B 1 
-9 . 54 8 4  E 
-9 . 7005 A2 
-9 . 815 3  B i  . 
- 10 . 32 7 A 1  
-10 . 34 7 B 2  
-11 . 42 8 E 
-11 . 9 0 2  A i  
- 12 . 7 3 7 B 2  
-13 . 0 15 E 
- 13 . 42 5 A2 
-15 . 79 4 B i  
-15 . 9 66 B 2 
-16 . 09 8 E 
-16 . 345 A i  
ene rgy ene rgy 
leve l  rep . leve l rep . 
- 9 . 8 8 3 5  B 1  - 10 . 09 7  A2 
-10 . 340 B 2  - 10 . 19 8  B 2  
- 1 0 . 6 12 A i - 10 . 6 10 A 1  
- 1 1 . 4 8 1  E - 1 1 . 5 2 5  E 
- 1 2 . 2 2 5  A i - 12 . 36 3  A i 
- 1 2 . 84 4  E - 12 . 7 0 3  E 
- 1 3 . 0 3 1 B 2  - 12 . 9 5 6  A2  
- 1 3 . 1 6 1  A2  - 1 3 . 1 4 9  B 2  
- 15 . 7 3 3  B i  - 1 5 . 72 1 B i  
- 16 . 00 7  B 2  - 16 . 0 7 5  B 2  
- 1 6 . 0 7 2  E - 16 . 1 3,5 E 
- 1 6 . 39 9 A 1  - 16 . 39 8  E 
- 1 6 . 4 7 7  E - 16 . 4 00 Ai  
- 1 7 . 1 0 9  B2  - 16 . 9 9 9  B 2 
- 1 9 . 0 6 3 ·· A 1  - 19 . 0 3 8 A 1 
0A = 
6 B = 6 9 ° en = 
7 1 °  
ene rgy ene rgy 
level rep . leve l rep . 
-0 . 3 5 1 1  B 2  -0 . 2 1 8 5  B 2  
- 1 .  4 6 2 2  E - 1 . 6 4 6 6  E 
- 3 . 2 5 6 9  A i  - 2 . 9 84 8  A i  
- 6 . 5 2 1 8 E - 6 . 5 2 7 4 E 
- 6 . 5 7 02 B 2  - 6 . 5 5 6 5  B 2  
- 7 . 7 6 18 A i  - 7 . 7 5 4 7  A i  
- 8 . 8 0 9 8 E - 8 . 7 36 6 E 
- 8 . 9 9 9 1 B i  - 9 . 02 12 B i  
- 9 . 6 5 7 6  E - 9 . 82 9 9 E 
-9 . 8 8 0 6  B 1  - 9 . 9 6 70 B i  
-9 . 9 5 39 A2 - 1 0 . 00 1 B 2  
- 10 . 2 02 B 2  - 10 . 19 8 A2 
- 10 . 32 5  A i  - 10 . 2 7 9  .. .ni  
- 1 1 . 4 5 9 E - 1 1 .  4 9 0 E 
- 1 2 . 0 6 7  A 1  . - 12 . 2 39 A i  
- 1 2 . 8 4 6  B 2  
- 1 2 . 89 8 E 
- 1 3 . 2 1 5 A2 
- 1 5 . 7 9 3 B i 
- 1 6 . 0 6 2  B2 
- 1 6 . 1 6 4  E 
- 1 6 . 35 3  A i  
- 12 . 7 86 
- 1 2 . 9 9 4 
- 1 3 . 00 9  
- 1 5 . 7 9 4  
- 16 . 1 39 
- 16 . 2 2 6  
- 16 . 349 
E 
B 2  
A2 
B 1  
B 2  
E 
E 
-16 . 4 69 E . - 1 6 . 4 0 8  E - 16 .  35 5 A i  
-17 • 0 7 3 B 2  
-19 . 0 5 4  A i  -
- 1 6 . 9 4 9  B 2 
- 1 9 . 0 30 A i  
- 1 6 . 8 3 8  B 2  
- 19 . 0 1 3 Ai 
ene rgy ener gy 
leve l rep . level rep . 
- 10 . 0 6 4  B i  -10 . 1 1 1  B 1 
-10 . 32 3  A2 -10 . 4 0 0  A i 
- 10 . 5 4 7 A i -10 . 49 2  A 2  
- 1 1 . 550 E - 1 1 . 5 4 6  E 
-12 . 5 1 7  A i  -12 . 4 4 1  E 
-12 . 5 6 6  E -12 . 5 1 6  A2 
-12 . 74 5  A2 -12 . 6 9 0  Ai  
- 1 3 . 2 85 B 2  - 1 3 . 4 3 3  B 2 
- 1 5 . 719 B i  - 15 . 7 5 5  B i  
- 1 6 . 14 2 B 2  -16 . 22 6  B 2  
- 1 6 . 2 0 1 E - 1 6 . 2 39 E 
-16 . 32 8  E - 1 6 . 32 3  E 
- 1 6 . 40 3 A 1  - 1 6 . 4 2 9  A i  
- 1 6 . 8 9 6  B2  - 1 6 . 80 7 B 2  
-19 . 0 19 Ai  -19 . 0 1 7  A i 
3 6 ° 
es = 7 3° e B  = 7 5 °  
en e r gy  ene rgy 
leve l rep . level rep . 
-0 . 1000 B 2  -0 . 0 0 84 B 2 
- 1 .  8 32 5  E - 2 . 0 10 3  E 
- 2 . 7 12'9 A i  -2 . 4 3 7 3 A i 
- 6 . 5 5 32 E -6 . 5 7 3 1  E 
-6 . 5 64 2 B 2  - 6 . 5 6 5 5  B 2  
- 7 . 7 7 6 8 A i  - 7 . 7 8 6 8  Ai  
-8 . 5 89 8 E -8 . 4 0 5 7 E 
-9 . 04 14 B i  -9 . 0 5 32 B 1  
-9 . 7 4 5 1  B 2 -9 . 4 5 7 4 B 2  
- 1 0 . 02 0 E - 10 . 0 4 7  A1 
-10 . 05 7 B i  - 10 . 14 7 B 1  
-10 . 1 79 A i  - 1 0 . 14 7 B i  
-10 . 4 18 A2 - 10 . 6 3 3 A2 
- 1 1 . 50 7 E - 1 1 . 5 1 9  E 
- 12 . 42 5  A i  - 1 2 . 5 7 0  A2 
- 1 2 . 6 7 7 E - 1 2 . 5 80 E 
- 1 2 . 7 89 A2 - 12 . 6 1 1  A i  
- 1 3 . 15 3 B 2  -1 3 . 319 B 2  
- 1 5 . 80 7 B i  - 15 . 8 2 1 B 1  
-16 . 2 2 6  B 2  - 1 6 . 19 3  E 
- 1 6 . 2 4 6 E - 16 . 2 8 7  B 2 
- 1 6 . 34 4 E -16 . 36 9  A i  
- 1 6 . 364 A i  - 1 6 . 4 1 0  E 
-16 . 7 3 3 B 2  -16 . 6 5 4  B 2  
-19 . 002 A i  -1 8 . 9 9 4  A i  
85 
energy 
leve l rep . 
- 10 . 2 5 2  A i  
- 10 . 30 3  E 
- 10 . 6 9 3  A2 
- 11 . 5 35 E 
- 1 2 . 29 7  A2 
- 1 2 . 3 32 E 
- 1 2 . 85 8  A 1  
- 1 3 . 5 82 B 2 
- 1 5 . 7 7 0  B 1  
- 1 6 . 1 8 1  E 
- 1 6 . 2 7 6  B 2  
- 1 6 . 39 3  E 
- 1 6 . 4 3 6 A 1  
- 1 6 . 74 1  B 2 
- 1 9 . 0 1 1  A i  
ea = 1 1 °  
en e r gy  
leve l rep . 
-0 . 10 6 2  B 2 
-2 . 1 5 5 6  E 
- 2 . 1 7 35 E 
- 6 . 5 4 86 E 
-6 . 5 7 5 1 E 
- 7 . 7 9 5 0  A i  
- 8 . 1 6 6 3  E 
-9 . 06 6 6  B 1 
- 9 . 1 3 80 B 2  
- 9 . 8 7 4 6  A i  
- 10 . 2 1 7 B 1  
- 10 . 4 1 7  E 
- 10 . 82 7  A2  
- 1 1 . 5 2 6  E 
- 1 2 . 35 4  A 2 
- 1 2 . 4 9 5  E 
- 1 2 . 7 9 7  A 1  
- 1 3 . 4 8 6 B 2  
- 1 5 . 84 5  B i  
- 1 6 . 1 34 E 
- 1 6 . 301 B 2  
-16 . 3 7 8  Ai  
- 1 6 . 49 5  E 
- 1 6 . 6 33 B 2  
- 1 8 . 9 9 4  A i  
I 
r 
8 6  
Tab le 30 . c on t inued 
eA = 3 8
° 
SB = 6 7 ° 0B = 6 9
° . S B = 7 1
° eB 
= 7 3 ° e B 
= 7 5 °  e B 
= 7 7 ° 
. energy energy ene rgy energy ene rgy en ergy 
leve l rep . leve l rep . l evel rep .  level rep . level  rep . l evel rep . 
-0 . 3 3 6 3  B 2 -0 . 2 1 6 7  B 2 - 0 . 1 3 36 B 2 -0 . 040 6 B 2 -0 . 04 6 5  B 2 -0 . 1 2 1 1 B 2 
-1 . 1 4 8 6  E - 1 .  3 3 19 E - 1 . 5 4 54 E - 1 . 7 3 4 9  E - 1 .  9 09 6  E -2 . 0 6 9 4  E 
- 3 . 8 2 2 4  A i - 3 . 5 5 0 1  A i - 3 . 2 9 9 9  A i - 3 . 0 2 4 2  A i -2 . 7 36 9  A i - 2 . 4 4 2 7  A 1 
- 6 . 5 2 0 6  E - 6 . 5 4 4 2  E - 6 . 5 6 31 B 2 -6 . 531 8 B 2 -6 . 5 2 0 0  B 2 - 6 . 4 9 3 7  B 2 
- 6 . 5 6 0 1  B 2 -6 . 5 6 4 4  B 2 -6 . 5 649 E -6 . 5 5 5 1  E - 6 . 5 65 4  E -6 . 5 6 2 5  E 
- 7 . 7 50 8  A i - 7 . 7 9 1 6  A i - 7 . 7 829 A i -7 . 7 8 1 1  A i -7 . 79 5 5  A i - 7 . 8 0 4 8  A i 
-8 . 8 7 4 7  E - 8 . 8 2 0 3 E - 8 . 7 9 2 5  E -8 . 6 39 7 E - 8 . 4 2 3 7  E - 8 . 1 6 0 7 E 
-8 . 9 2 2 6  B i - 8 . 9 8 32 B i -9 . 0 50 4  B i -9 . 0 8 7 0  B i -9 . 1 1 7 2  B i - 8 . 7 5 2 7  B z 
-9 . 7 8 16 B i -9 . 9 2 9 4  B 1 -9 . 7 6 60 B 2  -9 . 4 6 2 6  B 2 -9 . 1 2 0 8  B 2 -9 . 1 4 9 5 B i 
-9 . 8 0 1 5  A2 -9 . 9 6 0 8  A i -9 . 9 1 84 A i -9 . 79 8 3  A i -9 . 6 3 6 8  A i -9 . 4 4 4 3  A1 
-9 . 8 7 5 1  E -9 . 9 24 4 E -9 . 9 4 80 B i  - 10 . 0 3 9  B i - 10 . 1 1 6  B i -10 . 1 7 8  B 1 
- 10 . 0 34 A i -10 . 0 1 4  B 2 - 1 0 . 0 5 5  E -10 . 19 4  E - 10 . 3 3 5  E - 10 . 4 6 6  E 
-10 . 2 35 B 2 - 10 . 0 2 0  A 2 - 10 . 300 A2 -10 . 5 2 6  A2 - 10 . 7 3 3  Az - 10 . 9 2 3  
A2 
-11 . 400 E - 11 . 4 1 5  E � 1 1 . 4 5 4  E -11 . 4 8 6  E - 1 1 . 5 1 5  E -1 1 . 5 5 3  E 
-11 . 7 4 2  A i - 1 1 . 9 4 0  A i - 1 2 . 14 8 A i - 12 . 3 60 A i - 12 . 5 6 5  A i - 1 2 . 3 81 
Az 
-12 . 5 39 B 2 - 1 2 . 6 8 5  B 2 - 1 2 . 860 B 2 -12 . 8 16 A2 
- 1 2 . 5 9 6 A 2 - 1 2 . 70 3  E 
-13 . 0 8 8  E - 1� . 9 9 7  E - 1 2 . 9 1 3 E -12 . 8 39 E - 1 2 . 7 6 6  E - 1 2 . 7 6 5  A i 
- 1 3 . 4 5 2  A :. - 1 3 . 2 1' 0  .A 2 - 1 3 . 029 A ;.  - 1 3 . 0 5 1  B �  - 1 3 . 2 3 7  B ,  -1 3 . 4 19 B 2 
-15 . 8 54 B 1 - 1 4 . 8 7 6  B i - 1 5 . 8 7 6 B 1 -15 . 90 5  B i -15 . 9 34 B i 
-1 5 . 9 69 B i 
- 1 6 . 0 3 3  B 2 - 1 6 . 1 3 6  B 2 - 1 6 . 2 38 B 2 -16 . 2 32 E - 16 . 18 2  E -16 . 1 32 
E 
- 16 . 1 8 5  E - 1 6 . 2 5 0  E - 1 6 . 2 6 6  E - 1 6 . 31 7  B 2 - 1 6 . 31 6  B 2 - 1 6 . 2 4 1  B 2 
-16 . 304 A i - 1 6 . 3 2 1  A i - 1 6 . 3 19 A i - 16 . 3 3 3  A i - 1 6 . 34 2  
A i - 1 6 . 3 5 3  A i 
-16 . 4 0 7  E - 1 6 . 3 7 1  E - 1 6 . 36 8 E - 1 6 . 440 E - 1 6 . 5 2 3  E - 1 6 . 6 1 3  E 
-16 . 9 1 1 B 2 - 1 6 . 79 1 B 2 - 1 6 . 6 7 3  B 2 - 1 6 . 59 2 
B 2 - 16 . 5 8 7  B2 - 16 . 6 6 2  B 2 
-19 . 0 24 A i - 19 . 0 4 2  A i - 1 8 . 9 9 6  A i -1 8 . 99 4  A i - 1 8 . 9 9 5  A i 
- 19 . 00 1  A i 
0A = 40 ° 
ea = 6 7 ° eB = 69
° 6 B = 7 1
° SB = 7 3
° e R = 7 5 ° S B = 7 7 ° 
energy ene rgy energy energy 
energy en ergy 
level rep . leve l  rep . leve l rep . level 
rep . level rep . l evel rep . 
-0 . 2 2 40 B 2 - 0 . 1 4 2 7 B 2 - 0 . 0 6 4 1  B 2 -0 . 00 39 
B 2 - 0 . 0 7 5 8  B 2 -0 . 1 2 2 8  B2 
- 1 . 04 40 E - 1 .  2 4 46 E - 1 . 4 3 89 E - 1 .  6 2 6  7 E - 1 . 7883 E - 1 . 9 4 3 2 E 
-4 . 16 1 8  A i - 3 .  9 0 18 A l - 3 .  6 2 7 1  A i  ..:.. 3 .  3 4 2 0  A 1 - 3 .  0 34 1  A i - 2 . 7 2 6 6  A i -6 . 5 2 11 E - 6 . 5 2 4 2  B 2 - 6 . !+9 4 7 B 2 -6 . 4 7 0 5 B 2 - 6 . 4 48 7  B 2 - 6 . 39 9 4  B 2 
-6 . 5 34 1  B 2 - 6 . 5 3 40 E - 6 . 5 2 86 E -6
. 529 9  E - 6 . 5 35 1  E - 6 . 5 1 54 E 
- 7 . 7 609 A i - 7 . 7 8 1 4  A i - 7 . 7 79 7  A i - 7 . 7 9 8 5  A 1 - 7 . 8 1 8 0  A1 - 7 . 80 7 6  A 1 
-8 . 9 4 12 E - 8 . 89 6 8  E - 8 . 7 8 34 E -8 . 59 8 6 . E - 8 . 3 5 7 9  E -8 . 0 7 5 7  E 
- 8 . 9 4 2 3 B 1 -9 . 0 2 8 6  B i -9 . 0'9 10 B i -9 . 1378  B 2 - 8 . 74 7 2 B 2 -8 . 3 3 5 5 B 2 
-9 . 7 2 10 A i -9 . 6 4 8 6  A 1 - 9 . 49 9 5  B 2 -9 . 1 4 89 B 1 -9 . 1 8 1 8  
B 1 -9 . 0 0 6 8  Ai 
-9 . 7522 B 1 - 9 . 8 1 9 0  B 2 -9 . 5 4 0 6  A i -9 . 39 29 A 1 -9 . 2 1 1 4  
A i -9 . 2 4 0 5  B 1 
-9 . 9 140 A2 -9 ·. 82 7 8  B 1 -9 . 9 1 29 B 1 -9 . 9 9 3 7 B i -10 . 3 6 9  E - 1 0 . 1 1 7  
B i 
-10 . 09 2  B 2 - 10 . 1 5 6  E - 1 0 . 2 2 8  E 
-10 . 3 12 E - 10 . 059 B 1 - 10 . 4 72  E 
-10 . 114 E - 10 . 165 A 2 - 10 . 4 0 6  A 2  -10 . 6 2 7  A2 
-10 . 8 3 3  A2 - 1 1 . 0 2 1  A2 
8 7  
Tab l e  3 0 . con t inued 
ene r gy  ene rgy en ergy ene r gy  en e r gy  energy 
leve l rep . l eve l rep .  leve l  rep . leve l rep . l ev e l  rep . l evel rep . 
- 1 1 . 3 69 E - 1 1 . 39 8  E - 1 1 . 4 4 0  E -11 . 4 86 E - 1 1 .  5 40 E - 1 1 . 6 1 3  E 
-11 . 6 2 1  A 1 - 1 1 . 8 5 2  A i - 1 2 . 0 8 4  A i -12 . 3 1 5  A i - 1 2 . 5 2 6  A i - 1 2 . 39 1  A2 
- 12 . 38 3 B 2 - 1 2 . 5 6 8  B 2 - 1 2 . 7 7 5  B2 - 1 2 . 8 2 0  A2 - 1 2 . 5 9 9 A2 - 1 2 . 7 4 5  A i 
-13 . 20 5  E - 1 3 . 1 4 2  E -1 3 . 0 4 1  A ,  -12 . 9 8 1  B 2 - 12 . 9 7 6 E - 1 2 . 9 3 8 E 
- 13 . 4 6 1  A, - 1 3 . 2 5 1  A2 - 1 3 . 0 85 E -1 3 . 0 3 0 E - 1 3 . 1 7 9  B 2 -1 3 . 37 7  B 2 
-15 . 9 2 7  B 1 - 1 5 . 9 49 B 1 - 1 5 . 9 80 B i -16 . 01 8  B i - 1 6 . 0 4 8  B i - 16 . 1 0 3 B i 
-16 . 1 3 1  B 2 - 1 6 . 2 4 7  B 2 - 1 6 . 2 6 0  E -16 . 2 2 7  E - 1 6 . 1 7 6  E - 1 6 . 1 1 1  B 2 
-16 . 2 60 E - 1 6 . 2 8 3  E - 1 6 . 2 9 9  A i -16 . 3 14 A i -1 6 . 2 1 4  B 2 - 1 6 . 1 4 4  E 
-16 . 2 7 6  A i - 1 6 . 2 8 7 A 1 - 1 6 . 3 36 B:z -1 6 . 3 1 7 B 2 - 1 6 . 3 1 4  A i - 1 6 . 3 3 5  Ai 
-16 . 38 0  E - 1 6 . 39 6  E - 1 6 . 4 6 5  E � - 16 . 5 4 9  E - 1 6 . 6 3 5  E - 16 . 7 33 E 
-16 . 7 5 3  B 2 - 1 6 . 6 3 1 B 2 -1 6 . 5 4 3  B ,  -16 . 5 69 B 2 - 1 6 . 6 5 9  B 2 - 1 6 . 7 8 2  B 2 -19 . 006 A i - 1 8 . 9 9 8  A 1 - 1 8 . 9 9  7 A i -19 . 0 0 1  A i - 19 . 00 7  A 1 - 19 . 0 2 0  A1 
eA = 
42 ° 
e B = 6 7 ° eB = 
6 9 ° e B = 
7 1 ° e B = 7 3 °  
ene r gy energy ene r gy  e n e r gy  
leve l rep . l e ve l  rep . leve l rep . l eve l r e p . 
-0 . 10 1� B 2 -0 . 0 � 3 2  :a 2 -0 . 00 2 3  B 2 -0 . 04 7 1  B 2 
-0 . 9 2 0 7  E -1 . 1 1 1 4  E - 1 .  32 4 3  E - 1 . 5 0 0 8  E 
- 4 . 4 8 7 3  A i - 4 . 2 1 31 A 1 - 3 .  9 4 6 8 A 1 - 3 . 6 4 2 9  A 1 
- 6 . 5 2 5 4  B 2 - 6 . 500 7 B 2 - 6 . 4 5 1 6  B :.z  - 6 . 4 0 6 4  B 2 
- 6 . 5 3 8 6  E - 6 . 5 39 5  E - 6 . 519 0 E - 6 . 5 0 4 3 E 
- 7 . 7 74 2  A i - 7 . 7 8 18 A1 - 7 . 789 3 A i - 7 . 79 4 3  A i - 8 .  9 4 0 2  B i - 8 . 8 7 4 8  E -8 . 7 1 5 1  E - 8 . 4 9 8 8  E 
- 8 . 9 6 7 1  E -9 . 0 2 31 B 1 -9 . 1 3 2 5 B 1 - 8 . 7 7 4 4 B 2 
-9 . 3 7 8 4  Ai -9 . 2 7 89 A1 -9 . 14 6 7 A i - 8 . 9 8 32 A i 
-9 . 69 1 3  B :.  -9 . 5 6 1 7  B 2 -9 . 1 8 2 7 B 2 -9 . 19 9 3 . B 1 
-9 . 89 5 4  B 2 -9 . 7 6 34 B i -9 . 8 6 1 6  B i - 9 . 9 3 3 8  B i 
- 10 .  0 2 1  A2 - 10 . 2 7 4 A2 - 10 . 3 3 3  E - 10 . 3 7 7  E 
- 1 0 . 2 7 1  E - 10 . 2 9 5  E - 10 . 5 1 0  A2 - 10 . 7 3 4 A2 
- 1 1 . 3 2 8  E - 1 1 .  3 7 4  E - 1 1 . 4 39 E - 1 1 . 5 1 3  E 
- 1 1 . 49 8  A i - 1 1 .  7 4 8  A i - 12 . 02 8  A i - 1 2 . 2 7 2 A i 
- 1 2 . 2 6 8  B 2 - 1 2 . 4 8 6  B 2 -12 . 7 19 B 2 - 1 2 . 8 0 5  A:i 
-1 3 . 3 4 2  E -1 3 . 2 40 A2 - 1 3 . 0 2 3 A2 -- 1 2 . 9 4 2  B 2 
- 1 3 . 4 4 7  A, -1 3 . 2 9 9  E - 1 3 . 2 6 7  E - 1 3 . 2 3 3 E 
- 1 5 . 9 8 8  B i - 1 6 . 0 1 5  B 1 - 1 6 . 0 8 3  B 1 - 16 . 1 30 B i 
- 1 6  . . 2 0 8  B 2 - 1 6 . 2 36 E - 1 6 . 2 7 9 A 1 - 1 6 . 19 0 B 2 
- 1 6 . 2 3 5  A i - 1 6 . 2 39 A i -16 . 2 5 1  E - 1 6 . 2 2 4  E 
- 1 6 . 2 5 5  E - 1 6 . 30 3  B 2 -1 6 . 3 0 0  B 2 - 1 6 . 2 9 1  A i 
- 1 6 . 4 17 E - 1 6 . 4 82 E - 1 6 . 5 5 3 B 2  - 1 0 . 6 5 8  E 
- 1 6 . 5 9 7  B 2 - 1 6 . 49 6  B 2 - 16 . 5 6 7  E - 1 6 . 6 7 5 B 2 
- 1 8 . 9 9 5  A i - 1 8 . 9 9 4 A i - 19 . 00 4  A i - 19 . 0 1 5  Al. 
Tab le 31 . Coeff icients o f  atomic orb itals in bonding molecular orb i t als
8 
for d is torted D2 d geometries , 34 e- case 
eB = 6 7 °  
M. O .  C 1 
lf> 4A 1 0 . 002 4> 1E 0 . 0 3 3  
< h� 1 0 . 05 2  
¢ s  . O . 0 5 8  ¢i 3B 2  0 . 059 
¢ /2 - : 6 2 7  
C 2 C 3 
- . 120 - . 112 
0 . 2 5 1  0 . 2 7 9  
- . 539 - . 409 
- . 382 - . 202 
- . 24 7  0 . 1 15 
0 . 682 
¢ 1B 1 - . 440 0 . 6 10 - . 381 
4> 2� 2 0 . 0 34 0 . 546 0 . 305 � 3  - . 16 8 - . 244 - . 42 1  
¢ 2A 1 - . 10 3  0 . 399 0 . 12 1 E 
¢ 1 ' - • 0 7 5 0 .  382 0 . 09 3 $ 1B 2 0 . 1 3 1  - . 069 0 . 6 35 
¢>)A 1 0 . 220 0 . 0 7 8  0 . 584 
;.... - - -==z::: 
M. O .  C 1 
� 4A1 - . 004 
4> 1E 0 . 019 ¢ / 1 0 . 042 
¢ sE o •. 049 
¢ 1A2 - . 654 
<t>:JB 2 0 . 045 4> iB 1 - . 441 4> B 2 2E 0 . 029  4> 3 A - . 158 ¢2 1 - . 080 4> 1i - . 087 91  2 0 . 140 
<P 1A 1  0 . 225  
C 2 C 3  
0 . 024 - . 0 31  
0 . 262 0 . 2 89-
- . 522  - . 4 1 3  
- . 402 - . 220 
0 . 6 79 
- . 283 0 . 02 7  
- . 366 0 . 62 5  
0 . 52 7  0 . 281 
- . 25 8  - . 4 14 
0 . 40 7  0 . 168 
0 . 36 7 0 . 0 7 3  
- . -5 8 0 . 662 
0 . 062 0 . 586 
C 4 C 5 
0 . 10 7  - . 52 1  
0 . 09 5  - . 2 31 
0 . 4 1 1  0 . 70 1 
0 . 412 ..:. . 0 86 
0 . 362 - . 9 16 
- . 402 - . 28 3  
- . 35 1  0 . 2 74 
- .  3 39 0 . 54 1  
- . 445 - . 021 
0 . 312 o. 300 
0 . 4 83 0 . 07 3  
SB =  n o  
C4  C s 
0 . 0 30 - . 620 
0 . 074 - . 185 
0 . 4 15 0 . 6 1 7  
0 . 431  - . 119 
0 . 350 - . 860 
- . 4 19 - . 310 
- .  35 8 0 . 2 76 
- . 339 0 . 546 
- . 448 - . 011 
0 . 269 o. 30 3 
0 . 49 5  0 . 058 
6A = 32 ° 8B = 69 ° 
c 6 C 7 Ca M. O .  C 1 C 2 C 3  c ,.  C s c 6 C 7  C a 
0 . 94 5  4> . A i - . 002 - . 04 6  - . 0 7 2  0 . 069 - . 5 72 0 . 92 7  .. E 0 . 00 1  0 . 244 0 . 906 4> '  0 . 02 5  0 . 254 0 . 2 8 3  0 . 087 - . 2 09 0 . 02 8  0 . 26 3  0 . 902 
0 . 1 8 1  <f> 3A 1 0 . 04 6  - . 5 33 - . 4 14 0 . 416 0 . 660 0 . 2 6 6  
- . 609 - . 4 1 7  0 . 2 19 4> 5E 0 . 05 3  - .  39 3 - . 2 14 0 . 42 1  - . 10.0 - . 5 88 - . 4 1 7  0 . 2 5 7  
0 . 1 38 4> 1A2 - . 6 39 0 . 682 <f> 'l B 2 0 . 052 - . 268 0 . 06 8  0 . 357 - . 89 1  0 . 2 2 3  
<f> i B i - . 440 - . 374 0 . 618 
0 . 2 89 4>2B 2  0 . 0 32 0 . 5 36 0 . 2 9 6  - . 409 - . 29 6  0 . 2 76 
0 . 2 31 - . 109 0 . 374 I <f> .JE - . 16 3  - . 249 - . 418 - . 356 0 . 2 7 5  0 . 2 50 - . 092 0 . 35 7  
o .  349 <f> 2A 1 ·- . 09 1 0 . 40 3  0 . 145  - . 340 0 . 54 3  0 . 333  
- . 2 5 4  - . 485 0 . 016 <f> 1E - . 080 0 . 3 7 5  0 . 084 - . 44 6  - . 017 - . 2 6 3  - . 492 0 . 0 35 
0 . 2 8 8  <f> 1B 2 0 . 1 35 - . 06 6  0 . 648 0 . 2 9 3  o .  303 0 . 29 7  
0 . 05 2  � 1A1 0 . 222 0 . 070 0 . 586 0 . 4 89 0 . 066 0 . 044 
aB = 7 3 0 c 6 C 1 C s M. O .  C 1 C 2 C 3 C 4  C 5 c 6 C 7 Ca 
0 . 90 3  
$4 A i - . 00 3  0 . 0 86 0 . 006 - . 00 6  - . 6 5 8  0 . 8 7 7  
0 . 06 1 · 0 . 287  0 . 89 4  ¢ 7E 0 . 012 0 . 2 80 0 . 30 1 o . oso - . 15 6 0 . 105 0 . 322 0 . 8 7 5  
0 . 34 8 <f> sE 0 . 046 - . 405 - . 218 0 . 442 - . 144 - . 52 8  - . 400 0 . 36 8  
- . 56 1  - . 4 1 3  0 . 30 3  <f> �A 1 0 . 040 - . sos - . 407 o . 411 0 . 576  0 . 416 
<P lA2 - . 6 7 1  0 . 6 7 3  
0 . 29 6  4>.3 B 2 0 . 040 - . 29 3  - . 006 0 . 341 - . 82 6  0 . 356 
<P B 1 - . 4 39 - . 360 0 . 6 33 lB 0 . 26 1  <f> :l  2 0 . 02 4  0 . 5 18 0 . 256 - . 4 32 - . 330 0 . 2.41 
0 . 26 7  - . 07 3  , 0 . 338 <f> E - . 149 - . 2 7 7 - . 4 13 - . 345 0 . 2 7 7  0 . 290 - . 0 39 0 . 316 'E 0 . 316 4> 1A - . 09 8  0 . 350 0 . 049 - . 4 6 1  0 . 00 3  - . 264 - . 508 0 . 090 - . 268 - . 499 0 . 05 7  4>:zB i - . 069 0 . 409 0 . 19 0  - . 337 0 . 549 0 . 298 
o
·
. 30 1 � l 2 0 . 144 - . 044  0 .  6 79 . 0 .  2 39 0 . 299 0 . 319 
0 . 035 4> 1A 1  0 . 22 7  o . os s  0 . 586 0 . 500 0 . 050 0 . 02 1  
00 00 
Table 3.1 . con tinued 
eB = 75 ° M. O .  C 1  C 2 C 3 C 4 C s C 6 C 7 
¢ 4A1 0 . 00 1  0 . 1 39 0 . 0 38 - . 037 - . 6 8 7  0 . 85 3  
¢ 7E 0 . 004 0 . 313 o .  32 1 0 . 00 1  - . 118 0 . 1 6 3  0 . 372 
� s E 0 . 044 -. 39 5 - . 20 3  0 . 45 3  - . 17 3  - . 4 8 1  - . 3 7 1  ¢ 1A2 - . 692 0 . 664 ¢ 3A 1  0 . 0 39 - . 4 86 - . 39 7  0 . 404 0 . 540 0 . 47 1  
¢ 3B 2  0 . 0 36 - . 300 - . 0 31 0 . 334 - . 79 1  0 . 40 3  
¢ 1B 1  - . 4 36 - . 354 0 . 64 1  
¢ 2B 2  0 . 01 5  0 . 509 0 . 2 15 - . 4 4 7  - . 356 0 . 2 1 5  ¢ 3E - . 12 3  - . 336 - . 4 10 - . 2 6 5  0 . 2 72 0 . 34 4  0 . 064 
¢ 1E - . 126 0 . 2 89 - . 029 - . 5 1 3  0 . 05 3  - . 2 14 - . 5 12 
¢ 2A 1  - . 059 0 . 409 0 . 2 10 - . 335 0 . 554 0 . 281 ¢ 1B 2 0 . 148 - . 02 1  0 . 700 0 . 199 0 . 287 0 . 333 
¢ 1A 1  0 . 228 0 . 04 7  0 . 586 0 . 506 0 . 042 o .  019 -
eB = 6 7 °  M . O .  C 1  C 2 C 3 C 4 C s c 6 C 7 
¢ ,.A 1 - . 006 - . 068 - ; 065 0 . 064 - . 606 0 . 92 1  
¢ 7E 0 . 024 0 . 262 0 . 29 1  0 . 070 - . 2 32 0 . 054 0 . 260 A 0 . 2 6 7  . 3 1 0 . 049 - . 563 - . 426 0 . 42 8  0 . 631 
¢ 3B 2 0 . 05 1  - . 261 0 . 092 0 . 366 - . 9 10 0 . 16 8  
¢5E 0 . 050 - . 369 - . 209 0 . 387 - . 154 - . 609 - . 402 
¢ 1A2 - . 64 8  0 . 663  
¢ 1B 1 - . 430 - . 400 0 . 601 
� 2B 2  0 . 031 0 . 539 . 0 . 304 - . 400 - . 2 89 0 . 2 83 
� 3E - . 164 - . 245 - . 440 - . 346 0 . 266 0 . 2 37 - . 103 
cp2A 1  - . 086 0 . 401 0 . 126 - . 308 0 . 544 Q . 363 ¢ 1� - . 079 0 . 386 0 . 09 4  - . 45 6  - . on - . 250 - . 4 75 
$ i 2 0 . 138 - . 06 5  0 . 6 2 5  0 . 318 0 . 301 0 . 301 
¢ 1A 1 0 . 224 0 . 066 0 . 575  0 . 49 6  0 . 06 1  0 . 04 5  
....., 
eA � 32 ° 
C e 
0 . 8 34 
0 . 462 
0 . 2 7 2  
0 . 159 
I M . O .  C 1 C 2 
-· 
¢ 4A 1 0 . 006 0 . 184 
¢ ,E - . 004 0 . 36 3  ¢ !5E 0 . 04 3 . - . 368 
cp 1A2 - . 720 0 . 646 
� 3A 1 0 . 040 - . 468 
¢ 3B 2  0 . 032 · - . 305 
¢ 1 B 1  - . 4 33 - . 349 
$ 3E 0 . 007 - . 4 39 
¢ 2B 2  0 . 00 1  0 . 499 
� \E - . 173  - . 0 34 A . ¢ 2 1 - . 049 0 . 410 ¢ 1B 2 0 . 1 5 1  0 . 01 5  
¢ 1A 1 0 . 2 2 8  0 . 04 1  
eA = · 34 ° 
C! 8 M. O .  C 1 C 2 
¢ A i  - . 010 0 . 009 
0 . 89 6  4E 0 . 019 0 . 268 ¢ 1A 0 . 04 3  - . 551 cp 3E i ¢s 0 . 04 5  - .  380 
0 . 260 � 3B 2  0 . 04 3  - . 281 
¢ 1A2 - . 662 0 . 660 ¢ 1B 1  - . 4 30 - . 39 3  ¢,B a 0 . 02 8  0 . 529 
0 . 361 � 3! - . 158 - . 2 5 6  4> � 1 - . 074 0 . 405 
0 . 022 4> iE - . 086 0 . 376 
4> tB 2  0 . 14 3  - . 060 
41 ,A 1 0 . 2 2 7  0 . 05 1  
eB = 7 7 0 C 3 c ,. C s c 6  C 7 C e 
0 . 064 - . 062 - . 708 0 . 833 
0 . 346 - . 054 - . 065 0 . 230 0 . 433  0 . 761 
- . 169 o . 45 8  - . 2 01 - . 4 1 6  - . 319 0 . 5 80 
- . 384 0 . 39 5  0 . 5 12 0 . 512 
- . 049 0 . 32 7  - . 758 0 . 442 
0 . 64 7  
- . 2 6 7  0 . 161  0 . 158 0 . 406 0 . 4 1 3  0 . 055 
0 . 154 - . 462 - . 389 0 . 1 79 
- . 30 7  - . 5 5 5  0 . 229 0 . 089 - . 318 0 . 29 9  
0 . 229 - . 333 0 . 5 5 7  0 . 26 3  
o .  72 1 0 . 14 5  0 . 2 6 5  0 . 349 
0 . 585 0 . 5 1 1  0 . 035  0 . 0 11 
0B = 69 ° C 3 C 4 C 5  c 6  C 7 C e 
- . 025 0 . 02 5  - . 6 54 0 . 89 5  
0 . 301 0 .  CJ66 - . 19 7  0 . 083 0 . 2 7 7  0 . 89 1  
- . 42 6  0 . 42 8  0 . 582 0 . 352 
- . 220 o.  39 4 - . 1 7 3  - . 584 - . 39 7  0 . 30 1  
0 . 040 0 . 35 7  - . 881 0 . 2 5 7  
0 . 609 
0 . 292 - . 410 - . 302 0 . 2 69 
- . 4 3 7  - . 34 3  0 . 268 0 . 258 - . 079  0 . 343 
0 . 150 -. 306 0 . 5 4 7  . 0 . 34 7  
0 . 0 7 8  - . 462 -. 00 3  - . 2 5 5  - . 4 8 3  {) . 04 7  
0 . 6 39 0 . 29 7  0 . 301 0 . 312 
0 . 5 7 6  0 . 501 0 . 05 3  0 . 036 
CX> \Q 
Tab le 3 1 .  continued 
M. O .  C 1 
q, 7E 0 . 0 1 5  
ip ,.A 1  - . 0 10 
¢ 5E 0 . 040 
<f> 3A 1 0 . 039 
¢ 1A2 - . 679  
¢ 3B 2 0 . 035 
<j> 1B 1 - . 429 
¢ 2B 2 0 . 02 3  
cp 3E - . 14 7  cf> 1E - . 09 9  
¢ 2A 1 - . 062  
cp 1B 2 0 . 147 
<J> / 1 0 . 229 
M . 0 .  C 1 
cp 2A2 0 . 69 1  <P 1E 0 . 009 
cp 5E O .  034 
qi 1A2 - . 72 8  
¢ 3A 1 0 . 037 
cp 3B 2 0 . 02 5  
¢ 1B 1  - . 4 30 
< bB 2  - . 001 
1� 3E 0 . 005 
hE - . 174 
¢ 2A 1 - . 04 1  
ip 1B 2  0 . 157 
A <I> 1 1 o .  2 32 
C 2 
0 . 280 
0 . 076 
- . 386 
- . 5 33 
0 . 6 5 4  
- . 29 3  
- . 387  
0 . 520 
- . 2 80 
0 . 355 
0 . 407  
- . 048 
0 . 049 
C 2 
0 . 785 
0 . 31 7  
- .  39 0 
0 . 625 
- . 49 5  
- . 304 
-. 372 
0 . 508 
- . 450 
- . 02 7  
0 . 415 
0 . 014 
0 . 034 
eB = 71 o 
C 3 C 4 C 5 
0 . 313 Q . 056 - . 160 
0 . 012 - . 011 - . 69 2  
- . 225  0 . 401 - . 19 7  
- . 422  0 . 1+ 2 5  0 . 536 
- . 004 0 . 34 7  - . 846 
0 . 616 
0 . 2 7 0  - . 42 3  - . 319 
- . 437 - . 32 3  0 . 2 70 
0 . 04 7  - . 4 79 0 . 014 
0 . 174  - . 30 5 0 . 5 5 1  
0 . 656 0 . 2 69 0 . 29 8  
0 . 5 7 6  0 . 507  0 . 045 
6B = 75° C 3 C 4 C 5 
0 . 347 0 . 035 - . 06 3  
- . 2 15 0 . 4 12 - . 250 
- . 39 7  0 . 406 0 . 475  
- . 060 0 . 32 3  - .  7 7 8  
0 . 628 
0 . 167 - . 45 8  - . 372 
- . 2 82 0 . 180 0 . 147 
-.  32 1 - . 548 0 . 22 7  
0 . 2 16 .... . 300 0 . 555  
0 . 100 0 . 175 0 . 262 
0 . 5 7 3  0 . 5 16 0 . 02 8  
C e; C 7  
0 . 120 0 . 29 8  
0 . 866 
- . 554 - . 385 
0 . 42 4  
0 . 3 30 
0 . 250 
0 . 2 86 - . 038 
- . 2 49 - . 49 3  
0 . 331 
o .  325 
0 . 02 8  -
C e; C 7 
0 . 2 12 0 . 342 
- . 4 7 6  - . 34 3  
0 . 519 
0 . 431 
0 . 182 o. 39 3 0 . 39 3  
0 . 089 - . 313 
0 . 294 
0 . 362 
0 . 0 1 1  
e A = 34 0 
C a M. O .  C 1 C 2 
0 . 879 cf> A i - . 007 0 . 133 '-E  <f> 7 A 0 . 011 0 . 29 8  0 . 352 <f> 3 1 0 . 037 - . 513  
¢> sE 0 . 036 - . 388 
<f> 1A� - . 701 .o . 644 
¢ 3B 2 0 . 029  - . 300 ¢> 1 B 1 - . 428 - . 380 
<f> 2 B 2  0 . 014 0 . 5 12 
o .  32 1 <I> 3g - . 119 -. 34 5 
0 . 08 3  4> i E � . 128 0 . 2 89 
¢ 2A 1  - . 05 1  0 . 4 10 
¢> 1] 2 0 . 152 - . 02 5  
¢> 1 A1 0 . 2 30 0 . 04 1  
C a M. O .  C 1 C 2 
I 
qi 2A2 0 . 649 0 . 806 
0 . 832 ¢ E . 0 . 008 0. . 34 7  7 0 . 472 ¢ A2 -. 764 0 . 596 iF 0 . 032 - . 380 <l> s� <f> 3 1 0 . 039 - . 476  
<f> s ll 2 0 . 022  - . 306 <P n i  - . 4 30 - . 367 1 1' <I> " - . 066 0 . 4 16 Sf 0 . 010 ¢ ' 2  - . 02 7  0 . 494 :zF 0 . 299 ¢ i; - . 159 - . 175 <1>2 1 - . 0 31 0 . 419 
� 1B 2  0 . 158 0 . 08 3  
<1> /�1 0 � 2 3 3  0 . 02 8  
0B = 7 3 0  C 3 
0 . 04 3  - . 041 
0 . 330 0 . 042 
- . 411 0 . 417  
- . 22 3  0 . 40 7  
- . 037 0 . 336 
0 . 62 3 
0 . 2 32 - . 440 
- . 432 - . 2 32 
- . 042 . - . 5 31 
0 . 19 6  - . 30 3  
0 . 6 7 7  0 . 2 31 
0 . 5 75 0 . 51 3  
eB = 77 0 
C 3 C 4  
0 . 369 0 . 019 
- . 19 7  0 . 415  
- . 382 o .  394 
- . 07 6  0 . 312 
0 . 6 3 3  
0 . 15 9  - .  339 
0 . 05 5  - . 4 7 7  
- . 39 2  - . 46 6  
0 . 2 35 - . 29 8  o .  722 0 . 088 
0 . 5 7 1  0 . 520 
-.  720 0 . 840 
- . 115 0 . 165 
0 . 499 0 . 4 80 
- . 2 2 4  - . 5 18 
- . 810 0 . 387 
- . 342 0 . 224 
0 . 2 6 3  0 . 342 
0 . 067  - . 19 6  
0 . 554 0 . 314 
0 . 2 8 7  0 . 34 1 
0 . 036 0 . 0 19 
C s C e; 
0 . 000 0 . 2 71 
- . 274 - . 42 4  
0 . 4 5 6  o . s so 
- . 74 7 0 . 465 
- . 066 -.  352 
- . 414 0 . 116 
0 . 262 .0 . 2 14 0 . 55 7  0 . 2 7 5  
0 . 209 0 . 384 
0 . 02 0  0 . 004 
o.  32 3 
- . 365 
0 . 069 
- . 49 4  
C 7 
0 . 362 
- . 304 
- . 480 
- . 164 
0 . 85 8  
0 . 4 14 
0 . 2 76 
0 . 15 7  
C e 
0 . 787 
0 . 550 
0 . 05 5  
0 . 29 2  
\Q 0 
Tab le 3 1 .  continued 
M . U ,  C 1 C 2 C 3 
� 4 B 2  - . 080 - . 161 - . 5 82 
cp 7E 0 . 0 18 0 . 2 78 0 . 308 
< hA 1 0 . 04 6 - . 584 - . 44 1 
< h B 2  0 . 04 1 - . 2 78 0 . 062 
<j> 5 E 0 . 040 - . 35 3  - . 2 15 
hA2 - . 664 0 . 647  
cp 1B 1 - . 415 - . 418 0 . 59 6  
cp 2B 2  0 . 026  0 . 529 0 . 300 
<j> 3E - . 1 5 3 - . 263  - . 462 <j> 2A 1  - . 068  o .  39 7 0 . 130 
¢ iE - . 089 0 . 37 3  0 . 070 <f> 1B 2  0 . 142 - . 057  0 . 618 
cp 1A 1  0 . 225  0 . 052 0 . 568 
M. O .  C 1  C2  C 3  
ip 4A 1 - . 016 0 . 124 0 . 049 
<f> 7E 0 . 015 0 . 29 1 0 . 338 
<j> 3A 1 0 . 036 - . 543  - . 425 
<P s E 0 . 029 - . 370 - . 2 31 
<j> 3B 2  0 . 024 - . 302 - . 0 36 $ 1A2 - .  700 0 . 633 <I> 1B 1  - . 420 - . 403 0 . 607 <P B 2 0 . 014 0 . 515 0 . 248 2 ,,.., 
q, /· - . 113 - . 360 - . 450 
E - . 1 33 0 . 2 79 - . 06 7 <P iA <P l 
- . 044 0 . 408 0 . 179 
cp>2 0 . 154 - . 029 0 . 654 <1> /1 0 . 2 31 0 . 0 36 0 . 566 
6B = 6 7 °  C 4 c!S C 6 C 7 
- . 109 0 . 19 7  0 . 9 19 
0 . 046 - . 2 21 0 . 108 0 . 2 7 7  
0 . 442 0 . 54 8  0 . 34 7 
0 . 370 - . 901 0 . 2 05 
0 . 359 - . 2 30 - . 59 6 - . 380 
- . 40 3  - . 29 9 0 . 2 76 
- . 316 0 . 2 59 0 . 258  - . 072 
- . 2 74 0 . 550 0 . 3 80 
- . 4 8 3  0 . 012 - . 2 36 - . 4 7 3 
0 . 32 2 o .  300 o .  317  
0 . 508 0 . 048 0 . 0 37 -
eA - 36 0 
C e M . O .  
<j> 4A 1 
0 . 881 , hE <j> 3A1  
� ,B 2  
o .  304 $!'SE <j> tA2 4> lB i 
<f> .t B 2  
0 . 348 <j> 3E 
c1> .1.A 1 
0 . 045  <I> tE cl> , B 2  
� 1A 1 
C 1 C 2 
- . 01 8 0 . 062 
0 . 016 0 . 2 8 3  
0 . 039 - . 56 5  
0 . 0 32 - . 294 
0 . 034 - . 362 
- . 680 · o . 642 
- . 420 - . 4 10 
0 . 02 2  0 . 522  
- . 145 - . 2 86 
- . 056 0 . 404 
- . 101  - . 358 
0 . 149 - . 049 
0 . 2 30 0 . 044 
SB = 7 1° C 4 
- . 045 
0 . 058  
0 . 429 
0 . 364 
o .  3 39 
- . 4 32 
- . 18 7 
- . 549 
- . 270 
0 . 262  
0 . 518 
C s  c 6  C 7 Ce H. O .  
- . 749 0 . 831 cp 2 A2 
- . 115 0 . 167  0 . 294 0 . 870 $ ·,E 
0 . 459 0 . 483 cj> 3A 1 
- . 2 78 - . 5 39 - . 356 0 . 383 <P sE 
- . 830 0 . 36 7 <f> :i.A2 $ B 2  
�B i 
.;. . 330 0 . 2 32 <l> 1B $2 2 
0 . 248 0 . 342 0 . 085 0 . 2 78 <l> :1E 
0 . 087 - . 168 - . 4 7 7  0 . 161 4> 1� 0 . 554 0 . 346 IP 2 1 
0 . 286 0 . 34 7  <j> 1B 2  
0 . 030 0 . 019 <P i A1 
...--,.-..... . - _._ ..... _-.-....,.-;· ��-217--=-....,_,,.__-..., 
C 1 C 2 
0 . 69 7  o .  79 3 
0 . 015 0 . 29 8 
0 . 034 - . 52 1 
0 . 02 5  - . 375 
-.  725  0 . 619 
0 . 018 -. 305 
- . 4 24 - . 396 
- . 002 0 . 510 
0 . 004 - . 458 
- . 174 - . 019 
- . 033 0 . 4 15 
0 . 161 0 . 013 
0 . 2 34 0 . 02 8  
eB = 69 ° 
C 3 C 4 
o . 01q - . 016 
0 . 322 0 . 05 3  
- . 4 34 0 . 4 36 
0 . 00 7 0 . 354 
- . 2 2 5  0 . 361 
0 . 601  
0 . 282 - . 4 15 
- . 459 - . 29 8 
0 . 15 5  - . 2 72 
0 . 04 1  - . 49 6 
0 . 633  Q . 298 
0 . 56 7  0 . 5 1 3 
a = 73 °  B C 3 C 4  
0 . 353  0 . 067  
- . 4 11 0 . 417  
- . 2 32 0 . 364 
- . 067 o .  32 3 
0 . 612 
0 . 182 - . 456 
- . 29 8 0 . 199  
- . 336 -. 545  
0 . 202 - . 268 
0 . 680 0 . 205 
0 . 564 0 . 522 
c!S  c 6  
- .  7 2 1  0 . 859 
- . 169 0 . 134 
0 . 500 0 . 424 
- . 867 0 . 29 8  
- . 25 3  - . 5 70 
- . 310 0 . 258 
0 . 259 0 . 2 83 
0 . 550 o .  363 
0 . 02 7  - . 2 31 
0 . 29 6  0 . 330 
0 . 039 0 . 02 8  
c !S  c 6  
- . 058  0 . 205 
0 . 4 33 0 . 52 7  
- . 304 - . sos 
-. 79 6 0 . 419 
- . 359 0 . 188 
0 . 136 0 . 381 
0 . 226 . 0 . 090 
0 . 554 o .  32 7 
0 . 259  0 . 3 7 0  
0 . 02 1  0 . 011 
C 7 
0 . 286 
- . 372  
- . 0 36 
- . 4 79 
C 7  
0 . 29 7  
- . 338 
0 . 3 7 7  
- . 308 
C e 
0 . 879 
o. 339 
0 . 32 6  
0 . 0 7 8  
C e 
0 . 856 
0 . 42 5  
0 . 086 
0 . 296 
'° ..... 
Table 31 . cont inued 
SB = 7 5 °  
SA = 36 ° 
e B = 7 7 0 
M . O .  C 1 C :z C 3 C4 C 5 c 6  C 7  C e M. O .  C 1  C :z C·3 c ;. C 5  c 6  C 7  C a 
<f> 2A2  0 . 6 59 0 . 80 8  4> 2A2 0 . 60 5  Q . 835 
<f> 7E 0 . 01 7  0 . 308 0 . 370 0 . 080 0 . 005 0 . 2 5 1  0 . 29 1  0 . 835 <f> 7 E 0 . 02 2  0 . 315 0 . 386 0 . 10 3  0 . 0 7 5  0 . 30 3  0 . 26 7  0 . 80 7  
<!> 1A2  - . 756 0 . 609 cf> 1 A2 - . 799 0 . 5 5 3  <f> sE 0 . 022 - . 378 - . 2 2 9  0 . 364 - . 32 9  - . 4 6 8  - . 314 0 . 4 72 <f> 5 E 0 . 019 - . 381 - . 2 2 3  0 . 36 3  - . 351 - . 42 7  - . 2 8 5  0 . 518 
<j> 3A 1 0 . 0 34 - . 500 - . 39 6  · o . 404 0 . 415 0 . 560 <j> 3A 1 Q . 036 - . 4 81 - . 379 0 . 391 0 . 404 0 . 58 3  
¢ 3B 2 0 . 014 - . 305  - . 088 0 . 308 - . 764  0 . 4 5 8  <f> 3 B 2 0 . 01 1  - . 304 - . 102 0 . 2 9 6  - . 7 36 0 . 486 
¢ 1B 1 - . 42 7  0 . 616  - . 389 cf> 1 B 1 - . 42 9  - . 38 3  0 . 620 
¢ 3E - . 062 0 . 4 30 0 . 1 7 7  - . 34 8  - . 060 - . 34 5  - . 4 5 8  0 . 0 32 <f> 3 E - . 080 0 . 4 14 0 . 1 38 - . 37 7  - . 039 - . 335  - . 4 7 6  0 . 081 
<j> 2B 2 - . 0 35 0 . 49 5  0 . 04 6  - . 4 8 5  - . 405 0 . 10 3  4> 2B 2 0 . 085 - . 442 0 . 1 7 3  0 . 486 0 . 4 50 0 . 0 31 
¢ 2A 1 - . 022  0 . 42 1  0 . 22 3  - . 2 6 6  0 . 555 0 . 308 ¢ A 1 - . 012 0 . 426 0 . 2 4 3  - . 2 6 5  0 . 556  0 . 2 8 7  2 E ¢ 1E - . 162 - . 162  - . 408 - . 464 0 . 25 7  0 . 20 5  - . 173  0 . 29 5  4> 1 - . 152 - . 201 - . 4 17 - . 4 39 0 . 260 0 . 2 35 - . 130 0 . 2 7 7  
<j> 1B 2 0 . 162  0 . 10 1  0 . 708 0 . 100 0 . 19 1  0 . 399 ¢ 1 B 2 0 . 14 7  0 . 2 3 5  0 . 692 - . 06 3  0 . 066 0 . 408 
¢ 1A 1 0 . 2 37 0 . 02 1  0 . 56 1  0 . 52 6  0 . 0 1 3  0 . 004 ¢ 1A 1 - . 2 37 - . 015 - . 559 - . 529 - . 00 5  0 . 003 
es = 67° 
eA = 38 ' eB = 69 ° 
M . O .  C 1 C 2  C 3 C 4  C5 c 6 C 7  C e M . O .  C 1 C 2 C 3 C 4 C 5 c 6  C 7  C a 
¢ 4B 2 - . 085 - . 141 - . 5 85 - . 15 1  0 . 2 50 0 . 904 <j>2A2 0 . 7 34 0 . 792 <j>7E 0 . 016 0 . 29 2  0 . 32 7  0 . 0 3 7  - . 190 0 . 15 3  0 . 287  0 . 87 1  E 0 . 017  0 . 290 0 . 345 0 . 06 3  - . 12 1  0 . 1 7 1  0 . 2 7 8  0 . 8 7 5  ¢7  
<j>3A 1 0 . 040 - . 600 - . 446 . 0 . 446 0 . 468 0 . 416 <f>3A1  0 . 0 34 -. 5 79 - . 4 36 0 . 4 38 0 . 42 7  0 . 4 7 7  
¢ 3B 2 0 . 0 30 - . 294  0 . 02 6  0 . 364 - . 888 0 . 2 5 6  <j> 3B , 0 . 020 - . 306 �. 029 0 . 344 - . 850 0 . 34 5  
<j>5 E 0 . 0 30 - . 333 - . 2 19 0 . 32 3  -. 310 - . 579 . - . 358 0 . 334 <f>5E 0 . 02 3  - . 345 - . 2 30 0 . 32 3  - . 3 3 1  - . 5 5 1  - .  348 0 . 359 
� 1A2 - . 6 7 7  0 . 6 35 4> A2 - . 69 5  0 . 628 1 13 � 1B 1 - . 407  - . 4 3 1  0 . 588 � 1 ·  1 - . 412 -. 4 2 2  0 . 592 
<j>2 B 2 0 . 020 0 . 52 3  0 . 29 2  - . 407 - . 305 0 . 26 5  4>2 )l 2 0 . 014 0 . 5 18 0 . 2 6 3  - . 42 3  - . 319 0 . 240 
¢ 3E - . 139 - . 303 - . 482 - . 2 56 0 . 244 0 . 286 - . 018 o. 329 $3E -. 106 - . 379 -. 4 6 5  - . 1 36 0 . 2 2 8  0 . 3 39 0 . 101 0 . 2 78 
�2A 1 - . 050 0 . 39 7  0 . 134 - . 2 39 0 . 550 0 . 39 3  �zA 1 - . 038 0 . 405 0 . 159 - . 2 36 Q . 551  0 . 37 7  
<f> 1E - . 107 0 . 348 0 . 019 - . 521  0 . 050 - . 202 -. 469 0 . 084 4>1E -. 139 0 . 26 7  - . 09 5  - . 564 0 . 107 - . 1 36 - . 460 0 . 168 
<j> 1B 2 0 . 150 - . 04 7  0 . 612 0 . 324 0 . 2 9 5  0 . 333 �1 B 2 0 . 1 5 7  - . 031 0 . 6 30 0 . 29 1  0 . 2 8 7  0 . 3 5 1  
�1A1  0 . 229 0 . 0 39 0 . 5 60 0 . 518 0 . 034 0 . 02 8  <hA 1 0 . 2 3 2  0 . 031 0 . 558 0 . 522 0 . 02 5  0 . 019 
\0 N 
Tab le 3 1 .  cont inued 
M. O .  C 1 C 2 C g 
eB = 71 o 
C 4 
$ 2A2 0 . 707 0 . 79 6  
. 




0 . 019 0 . 2 8 8  0 . 358 0 . 085 - . 055 0 . 199  0 . 268 $ s B 1 0 . 0 30 - . 55 3  - . 42 2  0 . 425  0 . 39 7  0 . 52 7  $ 3E 2 0 . 012 - . 308 - . 069 0 . 322  - . 8 1 3  0 . 40 7  $ sA 0 . 0 1 8  - . 352 - . 2 36 0 . 320 - . 355  - . 52 3  - . 334 9 1 2 - . 7 17 0 . 617  
$ iB 1  - . 4 19 - . 415 0 . 596 B � 2E 2 - . 00 3  0 . 5 14 0 . 19 8  - . 452  - . 34 6  0 . 19 3  . 3 - . 000 - . 46 7  - . 318 0 . 209 0 . 12 4  0 . 367 0 . 355 
$ 2A1 - . 02 6  0 . 4 14 0 . 185 - . 2 36 0 . 55 1  0 . 358  E $ 1 - . 174 - . 006  - . 346 - . 544 0 . 22 1  0 . 088  - . 310 
$ 1B 2 0 . 164 0 . 012 0 . 660 0 . 2 36 0 . 25 8  0 . 3 7 7  
+ 1A1 0 . 2 36 0 . 02 3  0 . 556 0 . 52 6  0 . 016 0 . 011  
eB = 75 ° 
M . O .  C 1 C 2  C 3  C 4 c , c 6 C 7 
$ A2 0 . 6 30 0 . 828 2E $ 1 0 . 029 0 . 2 7 3  0 . 381 0 . 156 0 . 074  0 . 2 69 0 . 204 
$ gA1 0 . 0 30 - . 510 - . 39 2 0 . 400 0 . 368 0 . 585 
$ Aa 'E - . 781 0 . 566 
¢ !l B 0 . 010 - . 370 - . 245  0 . 314 ... , 401 · - . 462 - . 296  � sB 2 0 . 002 - .  304 - . 113 0 . 2 89 - . 752 o . 482 � iE i - . 4 2 8  - . 401 0 . 602 � ,B • . 0 7 7  o � 4 3o 0 . 149 - . 389 - . 02 8  - . 322 - . 4 5 7  0 . 114 .... . �9 8 0 . 2 7 1  0 . 4 8 3  0 . 4 39 0 . 109 <P'l. A,, �2 1 - . 00 3  0 . 1. 30 0 . 2 2 9  - . 2 32 0 .5'. j l  o .  3 19 
E - . 4 34 - . 4 30 - . 1 36 $ iB  - . 1 5 3  - . 19 7  0 . 25 3  0 . 2 31 <P i/ 0 . 1 32 0 . 314 0 . 643 - . 124  - . 009 0 . 406 � 1 1 - . 2 39 - . 00 7  - . 550 - . 5 32 0 . 001 0 . 00 4  
e A  = 38 ° 
C a  M . O •. C i C 2 C g 
� 2A2 0 . 645 0 . 808 
$ 7 E 0 . 02 3  0 . 28 3  0 . 87 1  0 . 3 7 1  
$ ,Ai 0 . 029 - . 530 - . 407 
$ 1A2 - . 745 0 . 59 8  
o .  39 1 ·5� 0 . 013 · - . 360 - . 242 
. 3 B a 0 . 006 -. 307 - . 09 5  
$ 1 8
1 - . 4 2 3  - . 408 0 . 599  
0 . 19 3  . 3 � - . 05 7  0 . 444 
0 . 10 5  $ 2 6 2 - . 04 6  0 . 49 4  0 . 02 1  
$ 2 A:1. ·- . 0 14 0 . 42 2  0 . 207  
0 . 29 2  $ 1
E - . 162 - . 152 - . 422 
+ i!2 0 . 163 0 . 128 0 . 69 3  
. 1  i 0 � 2 37 0 . 015 0 . 55 3  
C a  M . O .  C 1  C 2 C 3 
$ 2�2 ' o .  561 0 . 861  
0 . 849 +1 A Q . 0 37 0 . 2 5 8  0 . 385 • 1 E 2 - . 8 30 0 . 512 <l> :sA 0 . 008 0 . 380 - . 2 4 7  0 . 44 3  � s 1 0 . 032 - . 49 1 -·. 375 cj> , : 2  - . 002 - . 301 - . 12 5  � 1 l - . 432 -. 394 0 . 605 
0 . 062 $ ,E - . 088 0 . 4 2 1  0 . 12 6  
<P B :l 0 . 148 -. 314 0 . 42 6  2A 4> 2 E i 0 . 00 7 0 . 4 37 0 . 2 4 9  0 . 2 82 4> 1 8 - . 146 - . 220 -. 4 35 � 1  2 0 . 102 o. 39 5 0 . 55 7  cj> 1Ai - . 240 - . 00 1  -. 546 
6B = 7 3° 
C 4 c , 
0 . 1 16 0 . 0 10 
0 . 41 3  0 . 379 
0 . 318  - . 3 7 8  
0 . 305 - . 780 
- . 356 - . 05 1  
- . 49 3�, - . 401 
- . 2 34 0 . 5 5 1  
- . 460 0 . 2 4 9  
0 . 104 0 . 1 70 
0 . 5 30 0 . 00 8  
eB = 7 7 0 
C 4 c , 
0 . 2 05 0 . 135 
o.  3 10 - . 421  
0 . 386 0 . 364 
0 . 2 75 - .  728 
-.  398 - . 0 1 7  
0 . 42 6  0 . 42 8  
- . 2 31 0 . 5 5 1  
-. 4 19 0 . 25 3  
- . 249 - . 114 
- . 5 35 0 . 009 
c 6 
0 . 2 31 
0 . 560 
- . 49 3  
0 . 45 1  
- . 3 3 3 
0 . 08 3  
0 . 339 
0 . 199 
0 . 4 14 
0 . 00 3  
c 6 
0 . 313  
- . 432 
0 . 60 3  
0 . 504 
- . 320 
0 . 2 15 
0 . 29 7 
0 . 24 5  
0 . 359 
0 . 010 
C 7 
0 . 244 
- . 317  
- . 4 38 
- . 182 
C 7 
0 . 14 5  
- . 2 7 3  
- . 46 7 
- . 11 1  
C a  
0 . 86 3  
0 . 4 18 
0 . 012 
0 . 29 8  
C a  
0 . 82 7  
0 . 464 
0 . 099  
0 . 264 
"° w 
Table 31 . continued 
eB = 6 7 ° 
0 A = 4 0° 
eB ... 69 ° 
M . O .  C 1 C 2 C 3 C 4 c , C 5 C 7  C e M. O .  C 1 C 2 C 3  C 4  C :s  C 5  C 7  C e 
E 0 . 085 - . 07 7  0 . 286 0 . 499 o. 743 0 . 00 7  -. 499  0 . 1 70 4> 2A2 o .  720 0 . 799 4> 9E h Q . 016 0 . 29 7  0 . 34 7 0 . 04 6  - . 1 38 0 . 186 0 . 28 3  0 . 86 9  4> 7E 0 . 02 1  0 . 2 86 0 . 364 0 . 088 - . -5 7  0 . 19 8  0 . 2 55 0 . 87 7  
qi 3A 1 0 . 0 32 - . 6 13 - . 44 3  0 . 444 o. 39 8 0 . 471 4> 3A1 0 . 02 6  - . 589 - . 4 31 0 . 4 3 3  0 . 366 0 . 520 $ 
3
B 2 0 . 01 7  - . 30 7 - . 015 o. 350 - . 869 0 . 31 7  4> 3B 2 0 . 00 7  - . 3 1 3  - . 06 5  0 . 325 - . 829 0 . 39 5  
qi ,E 0 . 0 19 - . 310 - . 2 18 0 . 282 - . 38 3 - . 5 59 - . 3 39 0 . 350 
4> ,E 0 . 0 1 2  .- . 321  - . 2 30 0 . 2 80 - . 402 - . 5 3 3  - . 329 o. 369 
qi 1A2 - . 687 0 . 62 6 4> i A2 -.  70 7 0 . 6 1 7 ¢ 1B 1 - . 40 4  - . 441 0 . 5 7 9  4> iB i - . 4 12 - . 4 32 0 . 582 � 2B 2 0 . 0 12 0 . 519 0 . 2 7 7  - . 4 16 - . 310 0 . 24 7  4> 28 2  - . 004 0 . 5 1 7  0 . 2 16 - . 446  - . 335 0 . 2 0 1  
4> 3! - . 09 7  - .  399 -: . 4 7 9  - . 082 0 . 20 3  0 . 334 0 . 120 0 . 2 78 4> sE -. 00 5  - . 4 7 5  - . 339 0 . 2 17 0 . 110 o. 352 0 . 335  0 . 12 5 <I> 2 1 - . 0 3 3  0 . 401 0 . 139 - . 206 0 . 548 0 . 405 4> 2 A 1 · - . 020 0 . 4 11 0 . 164 - . 204 0 . 548 0 . 388 
4> iE - . 143  0 . 2 50 - . 130 - . 5 79 0 . 12 8  - . 100 - . 44 3  0 . 1 7 5  4> 1 E - . 172  0 . 00 8  - .  3 5 4  - . 54 3  0 . 2 16 0 . 086 - . 3 14 0 . 2 8 7  qi 1B 2  0 . 158 - . 031 0 . 609 o. 320 0 . 287  0 . 35 2  - 4> i B 2 0 . 165 0 . 0 10 0 . 6 38 0 . 2 6 6  0 . 2 61  0 . 380 <I> 1A2 0 . 2 32 0 . 0 2 7  0 . 552 0 . 526 0 . 02 1  0 . 019  <j> 1A2 0 . 2 36 0 . 018 0 . 5 50 0 . 529 0 . 01 1  0 . 010 
eB = 7 1  o e = 1 3° B M. O .  C 1 C 2 C s C 4 c ,  C 5 C 7 C 9 M. O .  C i C 2 C 3  C 4 c ,  C 5 C 7  Ce 
¢ A2 0 . 69 2  0 . 806 I ¢> /2 0 . 654 0 . 820 2E � 1A 0 . 026 0 . 2 7 0  0 . 376 0 . 1 3 3  0 . 015 0 . 2 1 8  0 . 2 15 0 . 8 7 7  <h E 0 . 033  0 . 250 0 . 382 0 . 183 0 . 0 7 8  0 . 24 5  0 . 1 6 5  0 . 869 <j> 3B i 0 . 02 3  - . 5 65 - . 4 1 7  0 . 4 2 1  o .  345 0 . 5 5 6  qi / 1 0 . 02 3  -. 5 4 3  - . 402 0 . 40 7  0 . 336 0 . 582 <l>s 2 - . 00 1  - .  312 - . 09 8  o .  30 3 - .  79 3 0 . 445  ¢> iA2 - . 7 62 0 . 579 
qi A2 -. 7 3 1  0 . 60 3  qi "B 2  - . 006 -. 308 - . 120 0 . 2 84 - .  764 0 . 4 79 iE S E qi ,  0 . 00 7  - . 333 - . 240 0 . 2 7 7  - . 42 1  - . 506 - . 315 0 . 386 ¢> , B 0 . 002 - . 344 - . 2 4 7  0 . 2 7 3  - . 441 - . 4 8 1  - . 300 0 . 400 ¢ B i - . 418 - . 424 0 . 5 8 5  4> 1 1 - . 426 -. 416 o. 587. i
E 0 . 049 - . 460 - . 2 1 8  0 . 356 0 . 044 o. 32 4 0 . 416 0 . 015 ¢> s E 
. 
- . 072 0 . 44 5  0 . 164 -. 39 7 - . 016  - . 310 - . 4 3 8  0 . 041 
¢ 3 
A 4> 2 1 - . 00 7  0 . 420 0 . 189 - . 202 0 . 548 0 . 369 qi 2 A 1 o . oos 0 . 4 30 0 . 2 12 - . 200 0 . 54 7  0 . 349 
¢> 
B 2 - . 05 1  0 . 488 0 . 00 5  - . 503 - . 400 0 . 062 $ B 2 0 . 14 1  - . 331 0 . 367 0 . 468 0 . 418 . 0 . 190  2E 2 E ¢ 1B - . 16 3  - . 132 - . 431  - . 46 3  0 . 240 0 . 18 7  - . 19 8 0 . 300 � l - . 154 - . 188 - . 44 8  - . 4 2 6  0 . 244 0 . 2 2 4  - . 145 0 . 2 8 7  
� iA
2 0 . 1 6 1  0 . 159 0 . 6 78 0 . 103 0 . 149 0 . 4 2 5  � 1 8 2  0 . 108 0 . 390 0 . 5 7 5  - . 194 - . 086 0 . 385 
� l 1 0 . 2 3 7  0 . 009 0 . 547 0 . 5 32 0 . 002 0 . 002  4> iA 1 - . 240 - . 001  - . 5 4 3  - . 5 35 0 . 00 7  0 . 005 
'° � 
Table 31 .  con tinued 
M . O . • C 1 C 2 C 3  
$ J�2 0 . 600 0 . 845 
$ 1 0 . 040 0 . 225  0 . 382 
� 3A 1 0 . 024 - . 52 3  - . 387 
� 1�2 - . 80 3  0 . 540 
. , - . 001  0 . 357  - . 254 B j sB
2 - . 010 - . 30 3  - . 1 36 � l  l - . 429 - . 410 0 . 590 
+ sE - . 083  0 . 438 0 . 142 
+ 2!2 0 . 164 - . 261 0 . 470 
+ 2E
1 0 . 017 0 . 4 37 0 . 2 33 
t i - . 148 - . 210 - . 449 
+ 1!2 0 . 082 o . 4 37 o . 499 
$ 1 1 - . 241 0 . 00 7  - . 539 
M. O .  C 1 
• 9i 0 .  081� + 1A 0 . 021 . t 3 l 0 . 022 � B 2 0 . 004 3E 0 . 009 ¢ !5A + 1B 2 - . 696  - . 399 $ 1 B i $ 2  2 - . 003  
+ A1 - . 015 :iE . , - . 00 7  
tP 1i - . 170 
ip iA 2 - . 165 t 1 1 0 . 2 34 
C 2 
- . 140 
0 . 292 
- . 628 
- . 320 
- . 287 
0 . 620 
- . 450 
0 . 514 
0 . 400 
- . 477  
0 . 014 
0 . 008  
0 . 013 - - --- ----
C 3 
0 . 242 
0 . 370 
- . 440 
- . 058 
- . 217 
0 . 572  
0 . 237  
0 . 142 
- . 353 
- . 366 
0 . 616 
0 . 545 
eA = 40° ea = 15 ° · 
C 4  Cs C cs C 7 C a l M. 0 .  C 1 C 2 
• ?!2 0 . 515 0 . 884 
0 . 2 35 0 . 133  0 . 2 78 0 . 100 0 . 852 $ rA 0 . 049 0 . 19 5  0 . 394 0 . 329 0 . 601  . l  2 - . 859 0 . 470 
� 3�1 0 . 026  - . 504 
0 . 268 - . 460 - . 455 - . 281 Q . 412 . 5 - . 003  . - . 371  B 0 . 278  - . 740 0 . 502 $ 3
B
2 -. 014 -. 29 7 
+ J B
1 - . 4 36 - . 40 3  
- . 405 - . 00 7  - . 310 - . 448 0 . 076 · �E2 0 . 175 - . 237  
0 . 4 13  0 . 400 0 . 267  $ sA - . 092 0 . 4 32 - . 199 0 . 54 7  0 . 329 $ :.. E
1 - 0 . 02 7  0 . 448 
-. 415  0 . 245 0 . 2 38 - . 12 3  0 . 271  $ J B -. 140 - . 232 - . 284 � . 158 O . J37  _ + 1A
2 0 . 070 0 . 451 
- . 537  0 . 015 0 . 0 11 $ 1 1 -. 24 1  0 . 014 
0A = 42 ° 
0B = 6 7 °  
C 4  c ,  C 6 C 7 C a M. O .  C 1 C 2 
0 . 513 0 . 69 3  - . 003  - . 581 0 . 12 1  + S'E 0 . 085 - . 17 6  
0 . 07 7  - . 066 0 . 206 0 . 254 0 . 875 $ 1 E 0 . 029 0 . 268 
0 . 440 o. 335 0 . 5 08 •/1 0 . 017 - . 603 
0 . 332 - . 842 0 . 380 + 3B 2 - . 005 - . 320 
0 . 244 - . 443  - � 5 37 - . 321 0 . 359 + A2 -. 718 0 . 609 i E . , 0 . 002 - . 300 
+ B 1 - . 406 - . 442 i E - . 438 - . 329 - . 213 4> s A 0 . 0 34 - . 4 72 -. 171  0 . 54 7  o . 417  4> 2 .l - . 001 0 . 408  
-. 2 33 0 . 09 1  0 . 336 0 . 32 3  0 . 141  $ 2
B :i -. 055 0 . 487 
- . 538 0 . 211 0 . 09 1  - . 313 0 . 2 85 <P 1� -. 165 -. 090 
0 . 29 7  0 . 26 7  0 . 380 . <P 1 A
a 0 . 162 0 . 152 
o·. s 32 0 . 008 0 . 009 � l 1 0 . 2 36 0 . 004 
eB • 7 7 0 
C s C 4  C 5  C cs C 7 C a 
0 . 373  0 . 29 1  0 . 175  0 . 114 0 . 026 0 . 82 7 
- . 370 o. 380 0 . 331 0 . 616 
- . 260 0 . 262 - . 4 79 - . 4 33 - . 261  0 . 416 
- . 146 0 . 25 3  - .  7 2 0  0 . 519 
0 . 590 
0 . 511 0 . 37 8  0 . 390 0 . 301 
0 . 121  - . 410 0 . 002 - . 30 8  0 . 456 0 . 110 
0 . 253  - . 198 0 . 545 0 . 306  
- . 450 - . 405 0 . 244 0 . 249 - . 102 0 . 254 
0 . 462 - . 32 1  - . 183 0 . 306 
- . 535 - . 540 0 . 022 0 . 017  
0B = 69 °  
C s C 4  c , c 6 C 7 C a 
0 . 19 3  o .  5-20 0 . 606 0 . 07 0  - . 6 89 0 . 00 7  
0 . 385 0 . 137 0 . 02 1  0 . 2 15 0 . 19 8  0 . 882 
- . 428 0 . 429 0 . 3 10 0 . 54 7  
- . 100 0 . 307 - . 803 0 . 440 
- . 2 30 0 . 242 - . 458 - . 512 - . 310 0 . 371  
0 . 5 75 
- . 261 0 . 334 0 . 046 0 . 324 0 . 38 7  0 . 055 
0 . 16 7  - . 169 0 . 548 Q . 401 
0 . 038 - . 504 - . 39 3  0 . 07 7  
-. 428 -. 482 0 . 229 0 . 164 - . 2 31 0 . 299  
0 . 664 o . uo 0 . 159 0 . 4 30 
0 . 542 0 . 5 35 -. 002 0 . 001  
"° "" 
Tab l e  31 . continued 
M. O .  
A . 
C.1 C 2 C 3 
$ 2 2 0 . 6 7 7 0 . 814 �7E 0 . 0 35 0 . 2 38 0 . 38 7  
q, 3A i 0 . 015  - . 580 - . 4 1 1  
¢ 3B 2 - . 0 12 - . 314 - . 12 4 · ��2 - . 74 4  0 . 59 1  
. 5  - . 00 3  - . 31 3 - . 2 38 
+ 1B 1 - . 420 - . 4 32 0 . 574 
q, 2A 1 0 . 012 0 . 4 25  0 . 19 2  
t 3E � . 06 3  0 . 46 3  0 . 19 1  
¢�B 2 0 . 156  - . 2 7 3  0 . 418  
q, 1B 2 0 . 088 0 . 4 34 0 . 52 1 
cf> 1E - . 1 5 7  - . 166 - . 45 7  
+ 1A 1 - . 2 39 0 . 005  - . 538 
eB = 71 o 
C 4 
0 . 196 
0 . 4 1 3  
0 . 2 81 
0 . 2 36 
- . 168 
-.  39 4 
0 . 4 5 8  
- . 2 37 
- . 4 32 
- . 5 3 7  
C5 
0 . 086 
0 . 304 
-. 7 7 3  
- . 4 7 3  
0 . 544 
0 . 010 
0 . 399 
- . 134 
0 . 2 34 
0 . 0 1 1  
6A = 42 ° 
c ,  C 7  c ,  M. O .  
qi A2 2E 0 . 2 3 1  0 . 1 3 7  0 . 878 q, 7 A 0 . 5 7 5  4> 3 1 
0 . 4 78 qi A 2  l •  <f> .B 2  3:F 
-. 49 3  - . 302 0 . 375  cf> .5 • qi B 1 iH 0 . 379 4> 2/ 
- . 302 - . 41 7 0 . 012 · 3� 0 . 2 4 1  4> 2E 1 0 . 36 4  <f> 1 n 0 . 2 1 1  - . 166 0 . 29 1  4> 1  2 
0 . 00 7  cf> 1A1 
a . 
Order of M. O . ' s  is f�om highes t bonding to lowes t energy . 
eB = 73 ° 
C 1 C 2 C 3 C 4  
0 . 6 34 0 . 831 
0 . 04 3  0 . 2 0 7  0 . 385 0 . 2 52 
0 . 0 15 - . 558 -.  39 6 0 . 400 
- .  779 0 . 5 6 3  
.- . 01 7  - . 308 - . 142 0 . 2 6 3  
- . 007 - . 326 - . 248 0 . 2 32 
- . 4 2 7  - . 42 3 0 . 5 1 5  
0 . 1 7 3  -. 2 13 0 . 49 6  0 . 405 
- . 07 6  0 . 455 0 . 158 - . 4 11 
0 . 02 4  0 . 4 3 6  0 . 2 15 - . 16 6  
- . 149 - . 199 -·. 462 - . 412 
0 . 065 0 . 46 6  0 . 452 - . 310 
- . 2 40 0 . 013  -. 5 34 - . 5 39 
C 5 c ,  
0 . 1 39 0 . 2 5 6  
0 . 2 9 9  0 . 59 6  
-. 749 0 . 502 
- . 489 - . 4 70 
0 . 3 7 6  0 . 304 
o . oo s  - . 29 8 
0 . 54 3  0 . 359 
0 . 2 35 0 . 2 3 1  
- . 189 0 . 314 
0 . 020 0 . 01 3  
C 7  
0 . 068 
- . 2 8 7  
- . 4 30 
-
- . 1 35 
C a 
0 . 86 3  
0 . 381 
0 . 052 
0 . 2 7 7  
\0 °' 
Tab le 32 . Populat ions of atomic orb i t als in bonding molecular orb i tals for dis torted D 2 d geometries , 34 e- case 
M . O .  P i  
$ 4A 1  0 . 000 
E 0 . 00 1  $ 1 A 41 s 1 0 . 00 3  
< hE 0 . 005  
• 3B 2  0 . 004 
¢ 1A:l 0 . 4 64 <l> i B 1 0 . 288 
¢ B 2  0 . 00 3  aE 0 . 06 8  h
A <l> 2 1 0 . 017 
$ 1E 0 . 015 
$ iB 2  0 . 0 5 3  
<j> 1A 1 0 . 114 
M. O .  P i  
<j>4A 1  0 . 000 E <P 1A 0 . 000 $ 3  1 0 . 002 
E ¢5 
A 
O .  00 3 4>i 2 0 . 48 3  
4> 3B a  0 . 00 3  
$ 1B 1 0 . 291  
q>2 B 2 o .  002 
$3E 0 . 06 1  
4>2� 1 0 . 010 
4> 1B 2 
. 0 . 020 
4> 1A 0 . 05 7  $ 1 1 0 . 119 
P 2  
0 . 12 3  
0 . 0 5 8  
0 . 290 
0 . 154 
0 . 065  
0 . 5 36 
0 . 22 1  
0 . 44 3  
0 . 09 0  
0 . 260 
0 . 242 
0 . 009 
0 . 016  
P 2 
0 . 00 1  
0 . 06 4  
0 . 2 7 7  
0 . 168 
0 . 517 
0 . 087  
0 . 2 0 3  
0 . 425 
0 . 10 3  
0 . 2 7 3  
0 . 222  
0 . 006 
0 . 010 
SB = 6 7 ° p 3  p 4 P s 
0 . 009 0 . 008 Q . 199 
0 . 083  0 . 00 7  0 . 060 
Q . 1 30 0 . 140 0 . 406 
0 . 052 . 0 . 1 70 0 . 009 
0 . 0 10 0 . 145 0 . 7 5 7  
0 . 49 0  
0 . 105  0 . 2 3 7  0 . 09 8  
0 . 2 80 0 . 154 0 . 12 6  
0 . 020 0 . 134 0 . 381 
0 . 017 0 . 2 82 0 . 001 
0 . 5 16 0 . 159 0 . 1 30 
0 . 49 6  0 . 35 7  0 . 01 1  
eB = 71 o 
p 3 p 4 P s  
0 . 001 0 . 001  0 . 2 83 
a . on 0 . 00 4  0 . 0 39 
0 . 135 0 . 145 0 . 320 
0 . 060 0 . 181 0 . 01 7  
o . ooo 0 . 140 0 . 6 7 8  
0 . 506 . 
0 . 09 1  0 . 2 6 8  0 . 119 
0 . 2 75 0 . 16 1  0 . 131 
0 . 036 0 . 135 o. 389 
0 . 010 0 . 2 79 o . ooo 
0 . 546 0 . 117 0 . 12 8  
0 . 49 3  o .. 368 0 . 00 7  
P 6  P 1  
o .  7 7 1  
o . ooo 0 . 049 
0 . 0 32 
0 . 390 0 . 1 7 1  
0 . 019 
0 . 115 
0 . 075 0 . 014 
0 . 187  
0 . 105 0 . 338 
0 . 1 34 
0 . 006  -
P 6 P 1  
o .  7 15 
0 . 00 3  0 . 069 
0 . 12 1  
0 . 319 0 . 161 
0 . 092 
0 . 09 5  
0 . 102 0 . 006 
0 . 155  
Q . 1 1 3  0 . 350 
0 . 14 6  
0 . 00 3  
eA = 32 ° 
P a 
0 . 742 
o . oso 
0 . 19 4  
o . ooo 
Pa 
I 
0 . 7 30 
0 . 09 3  
0 . 16 1  
0 . 005 
M . O .  P i  P 2 
$ 4A 1 0 . 000 0 . 002 
• . , E 0 . 00 1  0 . 060 
$ i/ 1 0 . 002 . 0 . 2 86 
$ s E 0 . 004 0 . 16 1  
¢ 1A2 0 . 4 7 2  0 . 52 8  
B . • 3 2 0 . 004 0 . 07 7  
¢ 1 B 1 0 . 290 0 . 2 12 
· � B 2  0 . 00 3  Q . 4 33 · �E 0 . 06 4  Q . 09 5  
<j> 2 A 1 . 0 . 014 0 . 2 6 7  
• 1: 0 . 017 0 . 2 33 + 1  2 0 . 055 0 . 008 
4> 1 A 1  0 . 116 0 . 013  
M. O .  P i P a 
¢ A i  o . ooo · 0 . 001  "E $ 1 o . ooo 0 . 074 
4>5! 0 . 002 0 . 16 7  0 . 002 0 . 264  4> 3 l 
<j> 1A2 0 . 49 8  0 . 502 
• 3B 2  0 � 002 0 . 09 5  
$ 1 B 1 0 . 290 0 . 196 
<h B 2  0 . 00 1  0 . 416 
4>3 � 0 . 054 0 . 12 1  ¢ 1 A 0 . 02 5  0 . 201 4>2 B i 0 . 00 8  0 . 2 7 7  4> 1/ 0 . 060 0 . 00 3  4> 1 1 0 . 120 0 . 008 
0B = 69 ° 
p 3  p 4 P s  P 6  P 1  
0 . 00 4  0 . 004 0 . 24 1  0 . 750 
0 . 08 6  0 . 006 0 . 049 0 . 00 1  0 . 05 7 
0 . 135 0 . 14 4  0 . 36 3  0 . 010 
0 . 05 7  0 . 175 0 . 012 0 . 356  0 . 16 7  
0 . 00 3  Q . 144 o. 7 2 1  0 . 05 1  
0 . 49 8  
0 . 100 0 . 2 5 1  0 . 107 0 . 106  
0 . 2 7 7  0 . 159 0 . 12 9 0 . 089 0 . 010 
0 . 02 8  0 . 135 0 . 3 85 0 . 1 7 1  
0 . 014 0 . 2 7 9  0 . 00 1  0 . 110 0 . 34 4  
0 . 5 30 0 . 1 39 0 . 1 30 0 . 1 39 
0 . 495 o .  36 3 0 . 009 0 . 004 
0B = 7 3° 
p 3 p 4 P s  P 6  p , 
o . ooo o . ooo 0 . 317  0 . 67 6  
0 . 099  o .  (J02 () .  0 2 8  0 . 010 0 . 087 
0 . 05 8  0 . 188 0 � 02 5  0 . 2 7 7  0 . 148 
0 . 1 3 3  0 . 14 3  0 . 2 82 0 . 17 6  
o . ooo 0 . 1 3 7  0 . 6 32 0 . 1 34 
0 . 5 14 
0 . 0 7 6  0 . 2 88 0 . 136 0 . 082 
0 . 2 75 0 . 150 0 . 1 3 3  0 . 12 3  0 . 00 1  
0 . 005 0 . 29 1  - . ooo . 0 . 108 o. 35 8 
0 . 04 5  0 . 1 35 o .  39 5 0 . 140 
0 . 569 0 . 09 1  0 . 122 0 . 154 
0 . 49 1  0 . 37 4  0 . 005  0 . 002 
Pa 
0 . 740 
0 . 06 8  
0 . 1 7 8  
0 . 002 
P a 
0 . 701  
0 . 135 
0 . 142 
0 . 0 1 1  
'° 
� 
Tab le 32 . · continued 
8B = 75 ° 
eA = 32 ° 
eB = 7 7 ° 
M. O .  P i P 2 p 3 p 4  p 5  P 6 P 1 P e M. O .  P 1 P 2 p 3 p 4 p 5  P 6 P 1 P e 
4> 4A 1 o . ooo 0 . 0 1 7  0 . 001 0 . 001 0 . 34 3  0 . 6 38 4> A 1 o . ooo 0 . 030 0 . 00 3 0 . 00 3  0 . 35 9  0 . 605 
4> 1E - . 000 0 . 09 3  Q . 1 1 3  - . ooo 0 . 016 0 . 02 4  0 . 1 16 0 . 6 3 8  " E  o . ooo 0 . 12 5 0 . 131  0 . 00 3  0 . 00 5  0 . 048 0 . 1 5 8  0 . 5 31 4> 1E 4> :sE 0 . 002 0 . 15 8  0 . 0 50 0 . 19 4  0 . 0 36 0 . 22 6  0 . 12 5  0 . 2 10 4> :s A 0 . 002 · 0 . 1 36 0 . 035 0 . 195 0 . 04 8  0 . 16 7  0 . 09 1  o .  32 7 4> 1A2 0 . 5 19 0 . 48 1 4> i A 2 0 . 550 0 . 450 <P 3A1 0 . 002· 0 . 2 49 0 . 12 8  0 . 1 39 0 . 2 5 2  0 . 2 30 4> 9 l 0 . 002 0 . 2 34 0 . 122 0 . 134 0 . 2 30 0 . 2 78  <1> 3B 2 0 . 002 0 . 10 1  0 . 00 1  0 . 134 0 . 587  0 . 175  4> 3 B 2 0 . 002 ·0 . 101 0 . 00 3  0 . 1 30 0 . 546 0 . 2 12 
4> 1B 1 0 . 288 0 . 189 0 . 52 3  41 1 B 1  0 . 286 0 . 183 0 . 5 3 1  
41 2B 2 0 . 001 0 . 40 7  a . ass 0 . 312 0 . 160 0 . 066 41 3 E 0 . 000 0 . 312 0 . 12 2  0 . 0 36 0 . 046  0 . 2 4 6  0 . 2 34 0 . 005  
4> s� 0 . 0 3 7  0 . 181 0 . 2 76 0 . 088 0 . 131 0 . 17 5  0 . 006  0 . 106 4> 2 B 2 0 . 000 0 . 39 7 0 . 02 8 0 . 3 36 0 . 192 0 . 04 7  4> 1 A 0 . 0 40 0 . 13 7  0 . 00 1  o .  354 0 . 004 0 . 0 7 0  o .  35 7 0 . 0 36 q, 1 E · o . 0 7 6 0 . 002 0 . 151  0 . 40 5  0 . 09 2  0 . 0 12 0 . 1 34 0 . 129 <P2 \ 0 . 006 0 . 2 80 0 . 055 0 . 1 34 0 . 402 0 . 12 5  4> 2 A 1  0 . 004 0 . 2 82 0 . 064 0 . 1 32 0 . 40 8  0 . 1 10 
4> 1B 2 0 . 062 0 . 00 1  0 . 59 8 0 � 06 3  0 . 1 1 1  0 . 166 q, 1 B 2 0 . 064 o . ooo 0 . 6 30 0 . 0 33  0 . 09 3  0 . 180 
4> 1A 1  0 . 1 2 1  0 . 006 0 . 488 0 . 380 Q . 004 0 . 00 1  - q, 1A1  0 . 12 1  0 . 004 0 . 486 0 . 386 0 . 002 o . ooo 
= 
8A = 34 ° 
8B = 67 ° · 8B = 69 ° M . O . P t P 2 P s p 4 P !5  P 6 P 1 P e M . O .  P i P 2 P s  p 4  P !5  P a  P 1 P e 
<P A 1  0 . 000 0 . 004 0 . 00 3  0 . 00 3  0 . 2 69 o .  7 2 1  I cp 4A 1 · 0 . 000 o . ooo o . ooo o . ooo 0 . 3 1 4  0 . 685 4E 0 . 000 0 . 06 3  0 . 088 0 . 004 0 . 059 0 . 00 3  0 . 05 7  o .  726 E 0 . 04 2  o .  72 1 <P 1 A 4> 1  A 0 . 000 0 . 06 7  0 . 09 5  Q . 00 3  0 . 006 0 . 065  . <P 3 1 0 . 00 3  0 . 311 0 . 142 0 . 149 0 . 32 8  0 . 06 8 <P s  1 0 . 002 0 . 302 0 . 14 3  0 . 151  0 . 2 82 0 . 120 <j> 3B 2 0 . 00 3  0 . 071  0 . 006 0 . 146 0 . 745 0 . 028 1;' <j> 5  ..... 0 . 002 0 . 151 0 . 059 0 . 154 0 . 036 o .  352 0 . 15 3  0 . 09 3  <j> 5! 0 . 00 3  0 . 144 0 . 054 0 . 151 0 . 029 0 . 389 0 . 161  0 . 070 <j> 3B 2 0 . 00 2  0 . 083 0 . 00 1  0 . 142 0 . 704 0 . 06 7  <P iB 2 0 . 49 0  0 . 5 10 <P ,\2 0 . 502 0 . 49 8  1 ,3 <P tB i 0 . 2 79 0 . 4 80 0 . 2 4 1  <P j 1 0 . 2 80 0 . 2 32 0 . 488 1 .3 4> 2E a 0 . 002 0 . 4 37 0 . 108 0 . 2 38 0 . 104 0 . 111 cl> a; 2 0 . 002 0 . 428 0 . 101 0 . 2 5 4  0 . 115 0 . 101 
� 3A 0 . 065 0 . 09 2  0 . 300 0 . 150 0 . 117 0 . 080 0 . 0 13 0 . 182 � 3E 0 . 06 1  0 . 102 0 . 29 8  0 . 14 8 0 . 12 1 0 . 09 6  0 . 00 7  0 . 166 4>2E i 0 . 012 0 . 2 6 3  0 '. 02 1 0 . 111 0 . 39 1 0 . 202 4> 2 '\ l 0 . 009 0 . 269 0 . 029  0 . 111 o . 396 ·0 . 186 tP 1B 0 . 016 0 . 2 46 0 . 0 1 7 0 , 2 9 4  0 . 000 0 . 101 0 . 32 5  0 . 00 1  4> 1 E 0 . 020 0 . 2 32 0 . 012 0 . 29 7  o . ooo 0 . 10 3  0 . 3 3 3  0 . 00 3  
� 1 A
2 0 . 0 56 0 . 008 0 . 501 0 . 162 0 . 129 0 . 14 3  cl> 1H 2 0 . 059 0 . 006 0 . 5 17 0 . 140 0 . 12 7  0 . 15 1  
4> 1 1 0 . 118 0 . 011 0 . 484 0 . 375 0 . 008 0 . 00 5  cl> 1A1 0 . 12 0  0 . 008 0 . 482 0 . 380 0 . 006  0 . 00 3  \0 (X) 
Tab le 3 2 .  cont inued 
eB = 71 o 
M . O .  P 1  P 2  P a  p 4  p ,  
$ 7E 0 . 000 0 . 0 7 3  0 . 104 0 . 002 0 . 02 8  
4> A i  o . ooo o . oos 0 . 000 0 . 000 0 . 350 4E 0 . 002 0 . 155 0 . 06 1  0 . 15 8 0 . 046 $ :sA 4> 3 1 0 . 002 0 . 2 8 7  0 . 142 0 . 149 0 . 2 4 3  
cp 1A2 0 . 5 1 7  0 . 483 
$ ,B 2 0 . 002 0 . 09 2  0 . 000 0 . 137 0 . 6 5 7  
4> 1 B i  0 . 2 80 0 . 49 6  0 . 224 
$ 2B 2  . 0 . 001 0 . 4 19 0 .. 087 0 . 2 75 0 . 1 30 
$ 3E 0 . 05 3  0 . 124 0 . 300 0 . 1 32 0 . 12 3 
4> 1E 0 . 025  0 . 206 Q . 005 0 . 315 0 . 000 
$ 2A 1 0 . 006 0 . 2 74 0 . 038 0 . 110 0 . 401 
$ 1B 2 0 . 06 1  0 . 004 0 . 5 38 0 . 114 0 . 122 
ip 1A 1 0 . 122 0 . 006 0 . 480 0 . 386 0 . 004 
SB = 75 ° 
M. O .  P 1 P :z  P s p 4  P .5  
4> A2 0 . 431 0 . 569 2 E h - . 000 0 . 09 4  0 . 12 7  0 . 001 0 . 004 
4>:sE 0 . 001 0 . 154 0 . 055 0 . 162 0 . 0 7 4  
. cp 1 A2 0 . 569 0 . 431 
4> 3A 1 0 . 002 0 . 2 54 0 . 129 0 . 139 0 . 19 7  
4> sB :z 0 . 00 1  0 . 102 O . OQ4 0 . 124 0 . 5 7 1  
$ i B 1 0 . 2 83 0 . 208 0 . 508 
4> B2 0 . 000 0 . 407 0 . 035 0 . 3 30 0 . 1 79 
:z E $ 3E o . ooo 0 . 326 0 . 132 0 . 046 0 . 0 39 4> 1 • 0 . 0 7 7  0 . 001 0 . 162 0 . 2 9 8  0 . 089 
4> 2A1 0 . 00 3  0 . 285 0 . 057 0 . 108 0 . 410 
4> 1B :z 0 . 068 o . ooo 0 . 602 0 . 04 7- 0 . 09 1  
4> 1A 1 0 . 12 5  0 . 00 3  0 . 4 7 3  o .  39 7 0 . 002 
P 6  p 7  
0 . 0 1 3  0 . 075 
0 . 644  
0 . 312 Q . 141 
0 . 1 7 7  
0 . 1 1 3  
0 . 089 
0 . 120 0 . 00 1  
0 . 09 7  0 . 342 
0 . 170 
0 . 160 
0 . 002 -
P 6  p 7  
0 . 04 1  0 . 099 
0 . 2 2 5  0 . 109 
0 . 2 79 
0 . 19 8  
0 . 049 
0 . 2 3 3  0 . 2 1 1  
0 . 0 12 0 . 1 33 
0 . 1 3 7  
0 . 19 3  
o . ooo 
eA 1:1 34 ° 
P e  
0 . 704 
0 � 12 6  
0 . 146 
0 . 010 
Pe 
I 
0 . 6 3 3  
0 . 2 2 1  
M . O .  P i  P 2  
4> 4A 1 o . ooo 0 . 016 
o . ooo 0 . 08 3  4> 7! 4> s  i 0 . 002 . 0 . 2 70 
$ 5 E 0 . 001 0 . 155 
4> 1 A2 0 . 5 38 .0 . . 462  
4> 3 B 2  0 . 00 1  
4> 1 B 1 0 . 2 80 
$ 2 B :z 0 . 001 
4> sE 0 . 035 
4> iE  0 . 042 
4> 2 A ;i  0 . 004 
4> i B :z 0 . 06 4  
4> 1A 1 0 . 12 3  
M . O .  P 1 
4> 2�2 . 0 . 386 
cp 7 - . 000 
4> 1A2 0 . 614 
0 . 099 
0 . 2 16 
0 . 4 12 
0 . 19 1  
0 . 136 
0 . 2 7 8  
0 . 001 
0 . 004 
P 2 
0 . 6 14 
0 . 11 3  
0 . 386 
p 3 
0 . 001 
0 . 115 
0 . 137  
0 . 059 
0 . 002 
0 . 50 3  
0 . 065 
0 . 29 8  
0 . 002  
0 . 048 
0 . 56 7  
0 . 4 7 7  
P s 
0 . 144 
4> :s! 0 . 001 0 . 146 . 0 . 04 5  
0 . 00 1  
0 . 129 
4> 3 ;i. 0 . 00 2  
4> s� 2 0 . 00 1  
4> 1E 
1 0 .  2 84 
4> , B a . o n  4> 2 E2 0 . 002 4> 1A 0 . 065 � 2 8 1 0 . 002 4> 1A
2 0 . 068 
�1 1 0 . 12 6  
0 . 2 39 0 . 12-2 
0 . 105  0 . 006 
0 . 202 0 . 514 
0 . 2 76 0 . 04 3  
0 . 389 0 . 004 
o . oso 0 . 24 7  
0 . 290 0 . 06 7  
0 . 012 0 . 6 38 
0 . 002 0 . 469 
eB = 7 3 ° 
p 4  p ,  P 6  p 7  P e  
0 . 001 0 . 3 7 6  0 . 605 
0 . 001 0 . 014 0 . 02 5  0 . 089 0 . 6 7 3  
0 . 146 0 . 2 1 3  0 . 2 33 
0 . 160 0 . 059 0 . 2 6 8  0 . 12 5  0 . 17 1  
0 . 1 31 0 . 6 10 0 . 1 5 7  
0 . 300 0 . 150 0 . 072 
0 . 0 6 7  0 . 119 0 . 1 7 3  0 . 008 0 . 110 
0 . 280 0 . 00 7  0 . 059 0 . 3 39 0 . 0 35 
0 . 109 0 . 407  0 . 154 
0 . 084  0 . 111  0 . 1 7 4  
o .  39 2 0 . 00 3  0 . 00 1  
0 B = 7 7 0 
p 4  p 5  P 6  p 7  P e  
o . o-oo o . ooo 0 . 06 7  0 . 1 1 1  0 . 565  
0 . 162 0 . 088 0 . 1 7 6  0 . 085 0 . 29 7  
0 . 1 32 0 . 185 0 . 320 
0 . 118 0 . 5 36 0 . 2 34 
0 . 155 0 . 008 0 . 185 0 .. 317 0 . 004 
0 . 362 0 . 22 3  0 . 021  
0 . 2 87 0 . 12 1 . 0 . 070 0 . 035 0 . 125 
0 . 107 0 . 414 0 . 12 1  
0 . 01 1  0 . 05 6  0 . 2 16 
0 . 402 0 . 001 o . ooo \0 \0 
Tab le 32 . cont inued 
8B = 6 7 ° M . U .  P 1 P 2 p 3 p 4 P s P 6 P 1  
$ 4B 2 0 . 005  0 . 02 2  0 . 2 4 1  0 . 009 0 . 029 0 . 69 4  
hE 0 . 000 0 . 0 72 0 . 09 7  0 . 001  0 . 05 1  0 . 0 11 0 . 065  !j> ,A 1 0 . 002 0 . 331 0 . 151 0 . 157 0 . 2 4 6  0 . 1 12 
$ ,B 2 0 . 002 0 . 0 80 0 . 00 3  0 . 14 7  o .  7 2 7  0 . 04 1  
4> s! 0 . 002  0 . 133 0 . 056 0 . 1 31 0 . 064 0 . 3 7 3  0 . 145 4> 1 2 0 . 5 11  0 . 489 
¢ iB i 0 . 2 65 0 . 26 1  0 . 4 7 4  ¢ 2B 2  0 . 002 0 . 42 8  0 . 108 0 . 242 0 . 114 0 . 106 
$ ,E 0 . 0 .5 8  0 . 10 8  0 . 326 0 . 126 0 . 109 0 . 09 6  0 . 006  <I> A i 0 . 00 7  0 . 259 0 . 022 0 . 088 0 . 403 0 . 2 2 0  2E 4> 1 0 . 020 0 . 2 30 0 . 010 0 . 325 0 . 000 0 . 0 89 0 . 32 3  4> 1B 2 0 . 0 59 0 . 006  0 . 490 0 . 163 0 . 1 2 7  0 . 15 5  -!j> 1A 1 0 . 1 19 0 . 00 7  0 . 474  o .  39 2 0 . 005 0 . 00 3  
eB = 7 1  o 
M. O .  P 1 P 2  p 3 p 4 P:s P 6  P 1  
q> 4A 1 o . ooo 0 . 013  0 . 002 0 . 001  0 . 406 0 . 5 7 8  q, ,! 0 . 000 0 . 079 0 . 1 1 7  0 . 002  0 . 0 14 0 . 0 2 5  0 . 0 7 4  $ s 1 0 . 001 0 . 296 0 . 145  0 . 15 1  0 . 1 79 0 . 2 2 8  ¢sE 0 . 2 9 7  0 . 12 4  0 . 001 0 . 14 3  0 . 06 3  0 . 131 0 . 09 1  q, 3B 2 0 . 001  0 . 09 7  0 . 001  0 . 129 0 . 633 0 . 1 38 
4> iA2 0 . 545 0 . 455 4> iB i 0 . 2 72 0 . 242 0 . 486 !j> B 2  o . ooo 0 . 416 0 . 076 0 . 288  0 . 143 0 . 0 7 7  2 E $ 3E 0 . 0 32 0 . 208 0 . 317  0 . 04 3  0 . 104 0 . 174  0 . 011 4> iA 0 . 045 0 . 12 7  0 . 005  0 . 409 0 . 0 12 0 . 04 4  0 . 32 0  4> 2  i 0 . 00 3  0 . 2 74 0 . 040 0 . 08 7  0 . 411 0 . 186 
4> iB2 0 . 066 0 . 00 1  0 . 5 36 0 . 106 0 . 111 0 . 179 � iA i 0 . 124 0 . 00 3  0 . 468 0 . 402 0 . 002 0 . 00 1  
6 A  ;:; 36 ° 
P e  M . O .  P i P 2 
4> A i  0 . 000 0 . 00 3  
0 . 102 4E o . ooo 0 . 0 7 5  ( h  
4> :>A i 0 . 002 0 . 314 
$ .,B 2 0 . 00 1  0 . 09 0  
0 . 09 6  4> �! 0 . 00 1  . 0 . 1 39 4> l 2 0 . 5 2 5  0 . 4 7 5  
4> , B i  0 . 2 70 0 . 2 5 1  
4> zB2  0 . 00 1  0 . 4 2 2  
0 . 1 7 1  4> ,E 0 . 052  0 . 129 
4> A i  0 . 00 5  0 . 2 69 :>.E 0 . 00 3  4> 1 0 . 02 6  0 . 2 10 
$ 1B 2 0 . 06 3  0 . 004 
4> 1 A 1  0 . 12 3  0 . 00 5  
P e  M. O .  P 1 P 2 
q,/2 0 . 429 0 . 5 7 1  
0 . 688 q, ,E 0 . 000 0 . 0 8 3  q, "A 1  0 . 00 1  0 . 2 76 
0 . 149 � E  4> sA 0 . 00 1  0 . 146 4> 1 B � 0 . 5 7 1  0 . 429• 4> s 2 o . ooo 0 . 100 q, 1 B i 0 . 2 7 6  0 . 2 33 
4> B 2  o . ooo 0 . 4 1 1  2E 0 . 111 4> s  o . ooo 0 . 336 
0 . 037 4> i! 0 . 0 7 7  0 . 00 1  � 2 l 0 . 002 0 . 282 
� 1B 2 0 . 070 o . ooo � iA 1 Q . 12 7  0 . 002 
8B = 69 ° 
p 3 p 4 
o . ooo o . ooo 
0 . 10 6  0 . 002 
0 . 149 0 . 1 5 4  
- . ooo 0 . 1 3 7  
0 . 060 0 . 131  
0 . 479 
0 . 09 7  0 . 2 6 1  
0 . 32 5  0 . 112 
0 . 0 31 0 . 08 7  
0 . 00 4  0 . 340 
0 . 508 0 . 138 
0 . 47 1  o .  39 7 
0B = 7 3 ° 
P s p 4 
0 . 12 8  0 . 003 
0 . 138  0 . 144 
0 . 06 3  0 . 130 
Q . 004 0 . 120 
0 . 490 
0 . 042 0 . 32 5  
0 . 144 0 . 056 
0 . 1 7 3  0 . 39 5  
0 . 05 0  0 . 086 
0 . 5 7 5  0 . 064 
0 . 4 6 3  0 . 407 
p ,  P 6 
0 . 3 7 8  0 . 6 1 7  
0 . 0 30 0 . 016 
0 . 209 0 . 1 7 2  
0 . 682  0 . 089 
0 . 0 7 6  0 . 337  
0 . 124 0 . 09 4  
0 . 111 0 . 117 
0 . 405 0 . 2 0 2  
0 . 00 1  0 . 0 84 
0 . 122 0 . 165 
0 . 00 3  0 . 002 
p ,  P 6 
0 . 003  0 . 038  
0 . 16 3  0 . 2 7 8  
0 . 108 0 . 2 59 
0 . 59 2  0 . 1 8 3  
0 . 1 7 0  0 . 0 5 2  
0 . 0 32 . 0 . 2 19 
0 . 085 0 .. 012 
0 . 41 3  0 . 16 7  
0 . 089 0 . 201  
0 .. 001 o . ooo 
P 1  
0 . 0 7 0  
0 . 136  
0 . 002 
0 . 32 7  
P 1  
0 . 07 5  
0 . 110 
0 . 202 
0 . 131  
P e 
0 . 701 
0 . 119 
0 . 15 1  
0 . 009 
P e  
0 . 6 6 8  
0 . 183  
0 . 0 1 1  
0 . 12 7  
...... 0 0 
Tab le 32 . con t inued --
SB = 7 5 ° 
a A = 36 ° eB = 7 7 0 
M . O .  P 1 P 2  p 3 p 4  P !5  P 6 p 7  P e M . O .  P 1 P 2  p 3 p 4  P !5  P 6 p 7  P e 
<l> 2A2 o .  39 1 0 . 609 <1> /2 0 . 334 0 . 666  
4> 1
E 0 . 000 0 . 0 8 8  0 . 140 0 . 005  0 . 000 0 . 05 7  0 . 0 7 3  0 . 6 3 7  <f> , E o . ooo 0 . 09 2  0 . 1 5 3  0 . 00 8  0 . 00 6  0 . 084 0 . 06 1  0 . 59 5  ¢ 1A2 0 . 609 0 . 39 1  <f> A :z  0 . 666  0 . 3 34 i E <l> s! o . ooo 0 . 147  0 . 06 1  0 . 12 8  0 . 1 2 6  0 . 2 2 0  0 . 09 4  0 . 2 2 4  <f> s o . oo o  0 , 14 7  0 . 0 5 7  0 . 12 7  0 . 14 3  0 . 18 3  0 . 0 7 6  0 . 2 6 7  ¢ 3 1 0 . 001 0 . 25 7  0 . 130 0 . 1 3 7  0 . 15 3  0 . 3 2 2  <j> 9A 1 0 . 00 1  0 . 2 4 2  0 . 1 2 1  0 . 130 0 . 14 8  0 . 3 5 7  <f> 9B 2 -¢ 3B 2 0 . 000 0 . 10 1  0 . 00 8  0 . 112 0 . 5 5 7  0 . 2 2 2  o . ooo 0 . 102 0 . 010 0 . 105 0 . 52 7  0 . 2 5 5  
<!> iB i 0 . 2 80 0 . 22 6  0 . 49 4  <!> i B i 0 . 2 8 3  0 . 2 19 0 . 49 8  
<f> 3E 0 . 0 10 0 . 2 9 4  0 . 05 3  0 . 16 4  0 . 00 7  0 . 1 7 8  0 . 2 9 3  0 . 00 1  <j> 3E 0 . 016 0 . 2 70 0 . 0 3 3  0 . 189 0 . 00 3  0 . 16 6  0 . 3 1 4  0 . 00 9  
¢ 2B 2 0 . 00 3  o .  390 0 . 00 3  0 . 370  0 . 2 1 7  0 . 01 7  ¢ 2 B 2  0 . 0 18 o .  310 0 . 0 3 3  o .  3 7 2  0 . 2 6 6  0 . 00 1  
<j> 2A 1 0 . 00 1  0 . 2 89 0 . 060 0 . 085 0 . 4 1 5  0 . 149 A . 0 . 29 6  0 . 0 7 0  0 . 08 5  0 . 4 1 7  0 . 1 32 4> 2 1 o . ooo 
<f> 1� 0 . 06 7  0 . 04 3  0 . 260 0 . 2 8 6  0 . 1 1 3  0 . 0 6 4  0 . 041 0 . 12 7  <1> 1 8 0 . 060 0 . 06 7  o . 2 7 6  0 . 2 5 8  0 . 1 1 8  0 . 086 0 . 02 2  0 . 114 <I> 1 2 0 . 070 0 . 01 7  0 . 620 0 . 014  0 . 04 7  0 . 2 32 <f> 1 B 2 0 . 05 7  0 . 09 1  0 . 59 6  0 . 00 8  0 . 00 5  0 . 2 4 4  ¢ 1A 1 0 . 129 0 . 00 1  0 . 45 8  0 . 4 1 2  o . ooo o . ooo <j> 1 A 1 0 . 129 0 . 00 1  0 . 45 4  0 . 416 0 . 000 o . ooo 
0A = 38 ° eB = 6 7 ° 0B = 69 ° 
M . O .  P 1 P 2 P ::.  p 4  p ,  P 6 p 7  P e M . O .  P i P 2 p 3 p 4  p ,  P 6 p 7  P a 
$ 4B 2 0 . 006 0 . 0 1 7  0 . 246. 0 . 0 1 8  0 . 04 7  0 . 6 6 6  <!> A2 0 . 456  0 . 544 :z E  <j> ,E 0 . 000 0 . 0 7 9  0 . 10 7  0 . 00 1  0 . 0 3 7  0 . 02 1  0 . 0 7 1  0 . 685 4> 1 0 . 000 0 . 07 8  0 . 1 1 8  0 . 00 3  0 . 0 1 5  0 . 02 6  0 . 06 7  0 . 69 3  
<f> 3A 1 0 . 002 0 . 345 0 . 155 0 . 158 0 . 180 0 . 160 <l> s A1 0 . 001 o.  326 0 . 150 0 . 154 0 . 1 5 3  0 . 2 16 <!> B 2 0 . 00 1  0 . 088 o . ooo 0 . 140 0 . 707 0 . 06 4  <f> B 2 o . ooo 0 . 09 6  0 . 00 1  0 . 1 2 8  0 . 65 6  0 . 1 1 8  3E 0 . 00 1  0 . 119 0 . 05 7  0 . 106 0 . 114 o .. 355 0 . 1 31 0 . 117 3E 0 . 00 1  0 . 12 7  0 . 062 0 . 106 0 . 129 0 . 319 0 . 12 2  0 . 134 ¢, ¢ ,  
q, 1A2 0 . 52 7  0 . 4 7 3  <1> 1 A� 0 . 5 4 4  0 . 456  <!> 1B 1 0 . 2 5 8  0 . 2 76 0 . 266 <I> 1i3 1 0 . 2 6 4  0 . 2 6 6  0 . 4 7 0  <l> 2B 1 0 . 001 0 . 42 3  0 . 106 0 . 2 50 0 . 122 0 . 09 9  <!> 2 8 2 o . ooo 0 . 420 0 . 08 7  0 . 2 74 0 . 1 3 6  0 . 08 3  $ ,E 0 . 04 8  0 . 146 0 . 352 0 . 082 0 . 09 7  0 . 12 1  o . ooo 0 . 154  ¢ sE 0 . 02 8  Q . 2 30 0 . 3 3 3  0 . 02 2  0 . 0 86 0 . 1 7 3  0 . 0 16 0 . 11 2  � A 1 0 . 00 4  0 . 2 60 0 . 02 3  0 . 06 7  0 . 4 10 0 . 2 36 ¢2A1  0 . 00 2  0 . 2 69 0 . 032 0 . 06 7  0 . 4 1 3  0 . 2 1 8  2 E 0 . 02 9  0 . 199 0 . 00 1  0 . 3 76 0 . 00 4  0 . 06 5  0 . 316  0 . 010 � 1 E 0 . 0 4 9  0 . 116 0 . 012 0 . 4 34 0 . 0 1 8  0 . 0 30 0 . 302 0 . 040 � 1B 0 . 06 3  0 . 004 0 . 4 8 1  0 . 161  0 . 1 2 2  0 . 16 8 $ 1132 · 0 . 067 0 . 00 2  0 . 50 5  0 . 1 30 0 . 11 3  0 . 1 8 3  4> 1 a 
� iA 1 0 . 12 2  0 . 00 4  0 . 464 0 . 406 0 . 002 0 . 00 2  � 1A1 0 . 1 2 5  0 . 00 2  0 . 459 0 . 4 1 1  · 0 . 00 1  0 . 00 1  � 0 � 
Tab le 32 . con t in ued 
GA = 3 8 "  eB = 7 1  o a = 1 3 °  B M. O .  P i  P 2 p 3  p 4  P s  P 6  p ,  P e M . O .  P i  P 2 p 3  P i.  p 5 P 6  p ,  P e  
$ 2A2 0 . 4 3 3  0 . 5 6 7  q, 2A2 0 . 40 1  0 . 599 
$
1! o . ooo 0 . 0 7 7  0 . 12 8 0 . 006 0 . 00 3  0 . 0 3 6  0 . 062 0 . 689 <P ,e o . ooo 0 . 0 7 3  0 . 138 0 . 011 o . ooo 0 . 04 8  0 . 05 1  0 . 6 78 <P 3 1 0 . 00 1  0 . 302 0 . 14 3  0 . 14 8  0 . 1 36 0 . 2 7 0  <j> 3A 1 0 . 00 1  0 . 2 8 2  0 . 136 0 . 141 0 . 1 2 6  0 . 3 1 4  
$ 3B 2 0 . 000 0 . 09 9  o . oos 0 . 1 16 0 . 6 12 0 . 169 cp 1A2 0 . 59 9  0 . 401 
$ :5E o . ooo 0 . 130 0 . 065 0 . 103 0 . 14 8  0 . 2 85 0 . 111 0 . 158 <P sE o . ooo . 0 . 1 36 0 . 06 7  0 . 100 0 . 16 7  0 . 2 5 1  0 . 09 9  0 . 18 0  � 1A2 0 . 5 6 7  0 . 4 3 3  <f> 3B 2  o . ooo 0 . 100 0 . 009 0 . 106 0 . 5 7 5  0 . 2 1 1  � 1B 1 0 . 2 7 l  0 . 25 6  0 . 4 7 3  <P 1 n 1  0 . 2 7 6  0 . 2 4 7  0 . 4 7 6  ¢i 2B 2 o . ooo 0 . 4 1 6  0 . 0 5 1  o .  3 1 7  Q . 160 0 . 0 5 5  ¢ E 0 . 008 0 . 312 0 . 06 1  o .  ] 7 3 0 . 00 5  o . ] 6 8  0 . 2 72 o . ooo 3 <l> sE o . ooo 0 . 34 8  0 . 16 1  0 . 062 0 . 02 6  0 . 204 0 . 182 0 . 016 <j> 2 H 2  . 0 . 005 0 . 386 0 . 00 1  0 . 380 0 . 2 16 0 . 01 1  q, 2A1  0 . 00 1  0 . 2 79 0 . 042 0 . 06 7  0 . 4 1 3  0 . 199 <j> 2A 1  o . ooo 0 . 288 0 . 05 2  0 . 066 o . 4 1 4  0 . 1 80 <P 1E 1 0 . 0 7 7  o . ooo 0 . 179 o .  39 5 0 . 080 0 . 0 1 1  0 . 134 0 . 12 4  ¢ E 0 . 068 0 . 0 3 7  0 . 2 7 3 0 . 2 82 0 . 104 0 . 060 0 . 04 5  0 . 130 
<P 1B 2 o . o n o . ooo 0 . 548 0 . 083 0 . 089 0 . 206 iD 0 . 069 0 . 02 7  0 . 60 3  0 . 015 0 . 0 3 7  0 . 249 <I> i 
A
2 
$ / 1  0 . 128 0 . 00 1  0 . 455 0 . 4 15 o . ooo o . ooo <I> 1 1 0 . 129 0 . 001 0 . 450 0 . 420 0 . 000 o . ooo 
e B  = 75 ° 0B = 7 7 °  M . O .  P 1  P 2 p g  p 4  p 5  P 6  p 7  P a  M. O.  P i  P :z  p g  p 4  p 5 p ,  p ,  P e  
$ 2A41 0 . 356 0 . 644 <P 2A:'. . 0. 2 8 7  o .  7 1 3  
<j> 7E 0 . 000 0 . 069 0 . 145 0 . 020 0 . 006 0 . 06 6  0 . 036 0 . 658 q, /: 0 . 00 1  0 . 06 1  0 . 14 8  0 . 0 35 0 . 020 0 . 09 1  0 . 0 1 8  0 . 62 7  
$ 3A 1 0 . 00 1  0 . 2 64 0 . 12 8 0 . 1 34 0 . 12 3  0 . 3 5 1  q, 1A2 o .  7 1 3  0 . 2 8 7  <P A:z 0 . 644 0 . 356 <P sE o . ooo 0 . 148 0 . 069 0 . 09 5  0 . 206 0 . 19 2  0 . 0 7 2  0 . 2 18 iE 0 . 000 0 . 141 0 . 068 0 . 09 8  0 . 187 0 . 2 2 0  0 . 0 86 0 . 200 <P 3A 1 0 . 00 1  0 . 2 4 8  0 . 119 0 . 126 0 . 12 3  0 . 382 $ 5 <f> 3B 2 o . ooo 0 . 099 0 . 0 12 0 . 09 7  0 . 546 0 . 2 4 5  $ ,B 2  - . ooo 0 . 09 8  0 . 015 0 . 09 0  0 . 52 3  0 . 2 7 4  qi 1 B  i 0 . 282 0 . 2 39 0 . 4 79 $ iB 1 0 . 2 86 0 . 2 3 3 0 . 4 82 � ,E 0 . 0 15 0 . 2 88 0 . 037  0 . 204 0 . 00 2  0 . 156 0 . 29 4  o . oos <j> 3E 0 . 0 19 0 . 2 7 3  0 . 02 7  0 . 2 11 0 . 00 1  0 . 152 0 . 304 0 . 0 14 qi 2B 2  0 . 0 3 3 Q . 2 49 0 . 085 0 . 36 3  0 . 2 5 6  0 . 0 15 «f> 2B 2  - . 054 0 . 152 0 . 2 14 0 . 2 80 0 . 2 38 0 . 06 1  � A 1  0 . 000 0 . 29 6  0 . 062 0 . 066 0 . 4 1 5  0 . 160 <f> /\ 1 o . ooo 0 . 304 0 . 0 7 3  0 . 06 6  0 . 4 1 6  0 . 14 1  :i E 0 . 06 1  0 . 06 3  0 . 2 0 3  0 . 2 4 8  0 . 109 0 . 0 8 3  0 . 02 5  0 . 11 8  :zL 0 . 05 6  0 . 0 79 0 . 299 0 . 2 38 0 . 112 0 . 09 5  0 . 0 1 7  0 . 10 5  � 1  4> 1B «f> 1B 2 0 . 045 0 . 161 0 . 52 4  0 . 02 7  o . ooo 0 . 2 4 2  <f> 1 2 0 . 02 7  0 . 2 5 5  o .  39 9 0 . 106 0 . 020 0 . 19 3  � 1A1  0 . 131 0 . 000 0 . 44 5  0 . 4 2 4  o . ooo 0 . 000 q, 1·A 1  0 . 1 31 o . ooo 0 . 440 0 . 4 2 8  o . ooo o . ooo ..., 0 N 
� ---�- �- � �-·-----

Tab le 32 . cont inued 
= = 
8B = 7 5 °  
6A = 40 ° eB = 7 7 0 
M. O .  P 1 P 2 · p 3  p ,.  p 5 P 6 p 7  P e M. O .  P i P 2 p 3  p ,.  p 5 P 6 p 7  P a 
$ 2A2 0 . 32 3  0 . 6 7 7  <1> 2A2 0 . 2 4 2  0 . 7 5 8  
$ 1E 0 . 00 1  0 . 0 46 0 . 142 0 . 04 7  0 . 019 0 . 0 7 2  0 . 009 0 . 664 <l> ; E 0 . 002 0 . 0 3 4  0 . 1 36 0 . 07 2  0 . 0 3 3  0 . 09 2  0 . 00 1  0 . 6 30 
$ / 1 0 . 001 0 . 2 7 4  0 . 12 5  0 . 129 0 . 10 1  0 . 370 <j> 1 A2 0 . 7 5 8  0 . 2 4 2  
<l> 1A2 0 . 6 7 7  0 . 32 3  
<1> 3A 1 0 . 00 1  0 . 2 5 8  0 . 1 1 6  0 . 1 2 1  0 . 105 0 . 399 
� 5E o . ooo 0 . 1 3 3  0 . 0 7 3  0 . 0 7 3  0 . 2 4 7  0 . 2 2 0  0 . 079 0 . 1 7 6  <P �i o . ooo - 0 . 142 0 . 0 7 6  0 . 069 0 . 2 6 8  0 . 200 0 . 06 8  0 . 179 <I> 3B 2  o . ooo 0 . 09 7  0 . 0 18 0 . 083 Q . 5 36 0 . 2 6 6  <1> 3 2 o . ooo 0 . 09 4  0 . 020 0 . 0 7 5  0 . 52 0 0 . 29 0  <I> 1B 1 0 . 283 0 . 2 5 1  0 . 465 <I> 1 B 1 0 . 290 0 . 2 4 4  0 . 4 6 6  
<1> ,E 0 . 01 7  0 . 294 0 . 0 3 3  0 . 22 0 o . ooo 0 . 144 0 . 2 84 0 . 00 8  <j> ,B i 0 . 0 7 4  0 . 084 0 . 312  0 . 2 15 0 . 19 5  0 . 120 
<j> 2B 2 0 . 06 6  0 . 104 01266 0 . 259 0 . 209 0 . 09 5  <j> 3E ·0 . 02 1  0 . 28 1 0 . 02 4  0 . 2 2 4  - . ooo 0 . 140 0 . 2 9 2  0 . 0 1 7  
hA1 o . ooo 0 . 30 1 0 . 064 0 . 049 0 . 4 15 0 . 1 7 1  <j> 2A 1 · 0 . 001 o .  3 1 2  0 . 0 7 5  0 . 049 0 . 413 0 . 150 <1> 1� 0 . 05 8  o . on 0 . 313 0 . 2 34 0 . 102 0 . 09 0  0 . 02 1  0 . 111 <1> 1 E 0 . 05 3  0 . 088 O . ll7 0 . 2 2 5  0 . 104 0 . 100 0 . 014 0 . 09 8  <I> 1 2 0 . 0 18 o .  309 0 . 328  0 . 1 36 0 . 0 39 o . ] 7 1 <j> 2 B 2 0 . 0 1 3  0 . 3 30 0 . 2 86 0 . 1 7 5  0 . 052 0 . 1 4 4  
hA1 0 . 1 32 o . ooo 0 . 4 3 3  0 . 4 34 0 . 001 o . oo o  . <1> 1 A 1  0 . 1 32 o . ooo 0 . 42 8  0 . 4 38 0 . 00 1  0 . 00 1  
= -"" 
6A = 42 ° 6B = 6 7 °  SB = 69 ° 
M. O .  P 1 P 2 p 3  p ,.  p 5  P 6 p 7  P e M. O .  P 1  P :a  p 3 p ,.  p 5  P 6 P 1  P a 
� f)E 0 . 006 Q . 0 1 7  0 . 049 0 . 2 10 0 . 4 33 - . ooo 0 . 2 7 3  0 . 0 1 2 <l> vE 0 . 006 0 . 2 6 1  0 . 0 30 0 . 216 0 . 333 .0 . 004 0 . 384 o . ooo � ,E o . ooo 0 . 0 7 8  0 . 1 3 1  0 . 004 0 . 004 0 . 0 38 0 . 056 0 . 688 $ �! a . ooo 0 . 0 66 0 . 142 0 . 015 o . ooo 0 . 04 2  0 . 034 o. 701 ¢ 3A 1  0 . 000 o .  372 0 . 150 0 . 15 1 0 . 09 3  0 . 2 34 <1> 3 l 0 . 000 0 . 34 7  0 . 145 0 . 146 0 . 082 0 . 2 79 <I> B 2 - . ooo 0 . 101 0 . 003 0 . 115 0 . 64 1  0 . 1 39 <j> 3B 2 o . ooo 0 . 10 3  0 . 010 0 . 10 1  0 . 59 5  0 . 19 1  3E o . ooo 0 . 09 1  0 . 054 0 . 06 3  0 . 2 31 0 . 314 Q . 109 0 . 138 <I> A2 0 . 5 72 0 . 42 8 �s A 0 . 55 1 0 . 449 l E - . ooa 0 . 099 0 . 061  0 . 061 0 . 246  0 . 2 85 0 . 100 0 . 147 � 1 a �sB $ i B l 0 . 2 .5 2  0 . 300 0 . 44 8  ¢ 1 1 0 . 259 0 . 290 0 . 4 5 1  
� 2 B 2 o . ooo 0 . 4 1 7  0 . 075 0 . 292 0 . 149 0 . 0 6 7  ¢ 3E 0 . 00 3  o .  35 3 0 . 10 7  0 . 154 0 . 00 4  0 . 1 5 8  0 . 2 1 7  o . oos ¢ Ai o . ooo 0 . 260 0 . 02 5  0 . 0 35 0 . 4 16 0 . 2 34 I ¢2A 1  o . ooo 0 . 268 0 . 0 3 3  0 . 035 0 . 4 18 0 . 2 46 :aE 0 . 000 0 . 364 0 . 19 0  0 . 0 7 8  0 . 014 0 . 1 7 1  0 . 15 3  Q . 02 9  ¢ B ;z 0 . 008 0 . 376 0 . 00 3  o .  390 0 . 2 14 0 . 010 � ,  � iii 0 . 074 0 . 000 0 . 195 0 . 390 0 . 0 7 1  0 . 0 12 0 . 139 0 . 118 
2 E 
0 . 0 7 1  0 . 013 0 . 2 71 0 . 312 0 . 085 0 . 04 1  0 . 075  0 . 1 32 ¢ 1B ¢ i 2 0 . 072 0 . 000 0 . 49 0  0 . 1 30 0 . 09 7  0 . 2 10 ¢ i A'J. 
0 . 068 0 . 0 37 0 . 56 8  0 . 02 7  0 . 0 3 3  0 . 2 6 7  
¢ 1A1 0 . 12 7 0 . 000 0 . 445 0 . 42 7  o . ooo o . ooo � J L 0 . 128 0 . 000 0 . 440 0 . 4 31 0 . 000 0 . 000 ...... 0 .p. 
Table 32 . cont inued 
6A :::; 4 2 °  0B = 71 o eB = 7 3 °  
M. O . P i  P 2 p 3  p 4  p 5 P 6 P 1 P e  M. O .  P 1 P 2 p 3  p 4 p 5 p g  P 1 P e 
<f> 
A, 
o .  39 8 0 . 602 <l> 2A2 0 . 355 . 0 . 64 5  2E <l> 1A 0 . 00 1  0 . 05 1  0 . 14 3  0 . 0 32 0 . 008 0 . 049 0 . 016 0 . 700 <f> ,E 0 . 00 1  0 . 0 39 0 . 142 0 . 054 0 . 020 0 . 060 0 . 004 
<f> 3 1 o . ooo 0 . 324 0 . 136 0 . 1 38 0 . 082 0 . 320 <f> 3A 1 o . ooo 0 . 304 0 . 129 0 . 1 3 1  0 . 082 0 . 35 3  
<j> 3B 2 0 . 000 0 . 100 0 . 0 15 0 . 0 8 7  0 . 56 7  0 . 2 32 ¢ 1A2 0 . 645 0 . 355 <I> 1A2 0 . 602 o .  39 8 <f> 1 1 2 o . ooo 0 . 09 7  0 . 0 1 9  0 . 0 7 7  0 . 544 0 . 2 6 1  
<f> 5E o . ooo 0 . 105 0 . 065 0 . 0 58 0 . 2 6 3  0 . 2 64 0 . 09 5  0 . 150 qi:E o . ooo 0 . 1 1 3  0 . 069 0 . 056 0 . 2 8 1  0 . 2 4 1  0 . 086 0 . 15 4  
<f> 1B 1 0 . 2 7 4 0 . 2 7 8  0 . 449 <f> 1B 1 0 . 2 8 1  0 . 269 0 . 450 <t> �/ 1 o . ooo Q . 2 86 0 . 044 0 . 0 35 0 . 4 1 3  0 . 2 2 2  ¢ 2 lh 0 . 074 0 . 069 0 . 302 0 . 2 4 5  0 . 186 0 . 12 5  
< hE 0 . 010 0 . 332 0 . 05 8  0 . 2 12 0 . 000 0 . 1 3 8  0 . 250 o . ooo 4> 3 1.� 0 . 0 15 0 . 316 0 . 040 0 . 2 2 8  - . 000 0 . 1 3 3  0 . 264 0 . 00 4  
( hB 2 0 . 06 1  0 . 1 16 0 . 2 14 0 . 317 0 . 2 1 4  0 . 079 <1> 2'\ 1 0 . 00 1  0 . 296 0 . 054 0 . 0 3 5  0 . 4 1 3  0 . 201 <f> B2 0 . 020 o .  302 0 . 360 0 . 09 4  0 . 02 8  0 . 19 6  <I> i rj 0 . 059 0 . 064 0 . 32 6  0 . 2 32 0 . 09 3  0 . 085 0 . 02 6  0 . 116 iE <l> 1A 0 . 064 0 . 045 0 . 314 0 . 2 5 2  0 . 09 1  0 . 069 0 . 039 0 . 12 7  � 1 R 2 0 . 011 0 . 349 0 . 2 75 0 . 160 0 . 05 4  0 . 150 <f>i 1 0 . 131 o . ooo 0 . 4 34 0 . 4 34 o . ooo o . ooo ¢ 1A1 0 . 131 o . ooo 0 . 42 8  0 . 4 38 0 . 00 1  o . ooo 
b Vt 
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Tab le 3 3 . To tal b onding e le c t ron ene rgies ( eV) calculated from 
a s igma-bonding bas is s e t  for dodecahedral [Mo ( CN ) 8] 4-
geomet ries 
e 
SA 6 7 ° 6 9 ° 11D 73 ° 7 5 ° 7 7 ° 
3 3° - 2 6 4 . 6 7 -264 . 90 -2 65 . 05 -2 65 . 06 -2 6 5 . 06 -264 . 90 
34 ° - 2 6 4 . 7 7  -2 6 5 . 00 -2 65 . 12 -2 65 . 17 -2 6 5 . 09 -2 64 . 94 
35 ° - 2 6 4 . 79 -2 65 . 01 -2 6 5 . 1 3 -265 . 16 -2 6 5 . 08 -264 . 9 5 
36 ° - 2 64 . 76  -2 6 4 . 99 -2 65 . 10 -265 . 16 -2 6 5 . 05 - 2 6 4 . 94 
37 ° -264 . 7 3 -2 6 4  .. 95  -2 6 5 . 02 -265 . 05 -2 6 5 . 02 -264 . 85 
38° - 2 6 4 . 6 7 -2 64 . 88 -264 . 9 6 -265 . 00 -2 64 . 9 3  -2 64 . 7 1 
39 ° -264 . 55 -264 . 83 ""."264 . 89 -264 . 92 - 2 6 4 . 84 -2 64 . 61 
Tab le 34 . Energy level sp acings , highes t bonding level t o  non-
bonding level , for dodecahedral geome t ries , s igma-
b onding s ys tems 
S B  
r 
eA 6 7 ° 69 ° 71° 73 ° 7 5 ° 7
7 ° 
3 3° 2 . 0 36 6  2 . 1117  2 . 18 78 2 . 2437  2 . 319 6 · · 2 . 32 7 8  
34 ° 2 . 09 7 9  2 . 16 7 3  2 . 2 4 5 1  2 . 3044 2 . 3580 2 . 342 8 
35 ° 2 . 1454 2 . 2 14 3  2 . 2 8 74 2 .  3521-t 2 . 39 1 3  2 .  3550 
36 ° 2 . 2 1 3 7  2 . 2 7 88 2 . 3419 2 .  39 70 2 . 4042 2 � 36 69 
37 ° 2 . 2 6 69 2 . 3 3 7 8  2 . 39 70 2 . 4 374 2 . 4 2 8 6  2 . 3 7 6 7  
38° 2 . 19 05 2 . 2 9 6 8  2 . 4014 2 . 4 7 60 2 .  41* 9 5  2 .  381.i-4 
39 ° 2 . 1114 2 • . 2 2 5 3  2 . 315 8 2 . 4031 2 . 4 6 69 2 .  349 3 
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The a-b onding sys tems show a minimum in total b ondin g energy for 
dodecahedral angles eA = 34° , 35 ° , or 36 ° and OB = 7 3 ° . Inclus ion of 
TI o r  n* l igand o rb i tals in the bas is set caus es the sys tems to exhib it 
no  s uch minima in energy . The 18  elect ron calcul ation , w i th li gand a 
and n* o rb i t als in the b as i s  s e t , had lowes t total b onding electron 
energy for  eA = 32 ° and 8B = 6 7 ° . No an gles below e i ther of  thes e  values 
were s t udied , so that the behavio r of an even mo re elonga t ed dodecahedron 
was no t e xamined .  However ,  from Tab le 2 3b the great e s t energy gap to 
the lowes t uno ccupied level is ob s erved at eA = 4 0 ° and eB = 6 7 ° , wi th 
the larges t gap at eA = .
38°  for eB rangin g from 6 9 ° t o  7 7 ° . As eB 
becomes l arge r ,  to tal ene rgy mi�ima for the 18 e l ect r on s y s tems occur 
at greater SA values ; e . g . , at eB = 75 ° the lowes t t o t al ene r gy is 
observed for SA = 38 ° . 
In the crb , Tib , 34 elec t ron sys t ems l owes t values were calculated 
for 6A > 40 ° and eB > 7 3° . Thes e values als o cor res p ond t o  the greates t 
comput ed energy gaps f rom highes t occupied t o  lowes t uno ccup ied levels . 
The en ergy gaps ob s e rved in the 34 elect ron sys tems were much s mal ler 
than thos e c a lculated for the 18 electron geome t ries � and this was 
found to  be t rue for the n � d geome tries as well . Uns t ab l e  s truc t ures 
havin g a h i ghes t b onding leve l in the doub ly degenerat e E repres en t ation 
were ob s e rved at 8A = 40 ° , eB = 6 7 ° and at 8A = 4 2 ° , 8 B � 69 ° in the 
34 ele ct ron sys tems . The greates t t o tal energy variances oc curred in 
the 34 ele c tron s t ruc tures , the ran ge b e ing ab out 4 . 7 eV . 
Calculat ed an gles for s t able dodecahedra l  s t ruct u re s in the cr-
36 . 0 ° a e 12  9 °  bonding sys t ems are near the X-ray averages , eA = an B = · ' 
ob tained by Hoard et _.!!.. 6 5 , 1 9 
Res ults from ligan d  field cal culations show a var i e ty of  s tab le 
dodecahed ral an gles . Kepert ' s 6 mos t-favored angles for  dodecahed ral 
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s t ruc tures calcula ted from ligand- ligand repuls ion t erms are SA = 38 . 5 ° , 
0B = 7 1 . 7 °  for the Coulomb term « 1 / rij ; eA = 3 7 . 3 ° , S B = 7 1 . 4° for the 
Bo rn  term of exponen t 6 ; and eA = 37 . 1° ,  SB = 71 . 8 ° for the Bo rn t e rm 
of exp onen t  12 . Parish and Perkins 9 calculated l i gand- li gand repuls ions 
for dodecahed ral  8-coo rdinate comp lexes . Their  res ults for repuls ion 
-n en ergies p roport ional to E r ij are aA = 33 . 5 ° , SB = 78 . 5 ° for n = l ; 
0A = 35 . 5 ° , eB = 75 . 0° for n = 2 ;  and eA
· 
� 37° , 8 B � 7 1° for n > 6 .  
Thes e res ul ts may be  compared t o  valence bond theo r e t i cal calculat ions 1 0  
in whi ch greates t er -b on d  s t ren g·ths were ob tained for eA = 35° 46 '  and 
en = 72 ° 5 3 ' . 
The range of  angles ob s erved in dode cahe dral comp ounds is qui te 
large , with 8A from 2 8 . 5 °  to  4 8 . 5 °  and 6B from- 65 . 5 °  to 8 9 ° . 1 
· Gol�b iewski and Nalewaj ski carried out a SCCC MO calculation for 
D2 d [Mo ( CN ) 8] 4- and [Mo (CN) 8] 3- as s umin g the symmet r i c  s t ruct ure with 
Mo to C dis tance 2 . 159 A. 6 6  The A. O . bas is set cons is ted of CN ob , 'JTb ,  
and �* li gand orb i t als and Mo 4d , 5s , and Sp orb it a ls . A d i f feren t 
method of es t i ma t in g VOIP ' s 6 1 was emp loyed ,  and in the o ff-d iagonal 
6 5 J . L .  Hoard and H .  H .  No rds ieck , J . Amer .  Chem . S oc . , 6 1 , 2 8 5 3 
( 19 39 ) . 
6 6 Aloj zy Gol�b i ewski and R .  Nalewaj ski , z .  Naturfors ch . , A , ]:]__, 
16 72 ( 19 72 ) . 
6 7 · k .  and Henryk Kowalski , Theo ret . Chim. Ac t a  Aloj zy Go l�b iews 1 
(Berlin ) ,  1 2 , 29 3 ( 19 6 8 ) . 
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exp res s ion 3 . 2 0 ,  numerical parameters were s ubs t ituted for fn ( S ij ) . A 
pop ulat ion analys is in te rms of Lowdin ' s 6 8 orthogonaliz e d  orb i tals �as 
performe d .  Results we re mat ched with good agreemen t to  thos e ob tained 
in c rys tal f i e ld calculat ions . Comp lete energy level s ch emes and total 
bonding elec tron ene rgies were not given , b ut the lowes t ene rgy l evel 
in the A 1  rep res en tat ion was given at -15 5 . 7 kK = -19 . 29 9  eV . This may 
be comp ared with -18 . 305 and -19 . 015 eV ob taine'd in the p re s en t  calcula-
tion for the 18 ele c tron , and the 34 elec tron sys tems , res p ec t ively . 
The s i gn i f ican t  diffe renc es b e tween the as sump t ions made in the calcula-
tion of  Gol�b i ewski and · Nalewaj ski and thos e of the p resent inves ti gati�n 
make further comparis on o f  res ults unrealis tic . 
A dis cus s i on con ce rn ing the general b ehavior o f  the d i f feren t or- · 
bital sys tems for b o th D2 d and D � d geomet ries · follows the D4d s ec t ion . 




THE D4d SQUARE ANTIPRISM 
I Bas i s  Func tions and Ge omet ric Paramete rs for the D 4 d Group 
In the square antip rism s tructure all eight vert i ces are equivalent . 
Figure 7 shows the antip rism , indicating l igand numb erin g and permanent 
reference Cartes i an axes with respect to the center . Tab le 35 gives the 
Figure 7 .  
. z 4 
7 
The D 4 d  square antiprism 
The geomet ry of this s truc ture may b e  s pe ci f i ed by 
givin g  center- to-vertex dis tance r and the an gle a 
made by a vertex wi th ·the symmet ry o r  z axis . 
h resp ect to the Cart es i an axes in location of the e i ght vertices wi t 
terms o f  the p aramet ers r and e . 
1 for [Mo ( CN) 8] 4- in D 4d geome tries , In s et t ing up mo lecular orbita s 
one emp loys the D 4 d  group .  The ch
aracter tab l e  i s  shown in Tab le 36 . 
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Tab l e  35 . Car tes i an coo rdinat es o f  ver t ices o f  t he 
an t i p r i s rn  w i th res p e c t  to the cen te r  
vertex x y z ve rtex x y z 
1 r s in e 0 r cos e 5 1 s in - 1  Tz r e 7i r s in e - r  c o s  e 
2 0 r s in e r cos e 6 
1 r s in e 1 ./2 ./2 r s in e - r  c os e 
3 - r  s in e 0 r cos e 7 -1 s in e 1 7i. r ./2 r s in e - r  c o s  e 
4 0 - r  s in e r cos e 8 
-1 s in e - 1  s in 12 r 72 r e - r  cos e 
T ab le 36 . Ch ara c t e r  t ab l e  f o r  th e D 4 d group 
D 4 d E 2 S a 2 C 4  2 S a
3 C 2 4 C 2 ' 4 O" d  




A2 1 1 1 1 1 - 1  - 1  Rz 
B i 1 -1 1 - 1  1 1 -1 
B:z 1 - 1  1 - 1  1 - 1  1 z 
E i 2 h 0 -./2 -2 0 0 ( x ,  y) 
E 2 2 0 -2  0 2 0 0 ( x 2 -y 2 ' yx) 
E 3 2 -./2 0 12 -2 0 0 (yz ,  z x) 
( Rx , Ry) 
Pe rmut a t i on s  o f  cen t ral me t al an d ligan d  a and 7T o rb i t a ls unde r  the 
group o p e r a ti ons are l i s te d  in Tab le 3 7 . L i gan d  CTz i ' Tixi ' Tiy i o rb i t als 
are o ri en t e d  as des c r ib ed in the D 2 d sys tem. ( S ee Fi gu
re 5 . )  
The d ec ompo s i t ion o f  the rep res en tat ion r cons
t ru c t ed f rom Mo . 4 d , S s , 
and S p  o rb it a l s  an d l i gan d  c; an d TI. o rb i t als is ind i ca t e d  i n  equat i on s  5 . 1  
and 5 . 2 . 
r = 4A 1 + A2 + B 1 + 3B 2 + 4E 1 + 4 E2 + 4 E 3 5 . 1
 
r rne t al 
= 2A 1 + B 2 + E 1 + E 2 + E 3 · s .  2 a  
r l i gand = A i + B 2 + E i 
+ E 2 + E 3 5 . 2b 0 
r li gand = A 1 + A 2 + B 1 + B 2 
+ 2E 1 + 2 E 2 + 2 E 3  5 . 2 c 1T 
Table 3 7 . (a) Permutations of  ligand o and 1T o rb itals under the operat ions of D 4 d  
orbital 
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C2 C 2 ' 
0 3 0 5 
0' 4 O' e  
0 1 . 0 7 
cr 2 cr 6 
a 1 a 1 
O' s  0' 4 
0' 5 0 3 
a 6 a 2 
1Tx3 1T x5 
1Tx4 1Txe 
n x 1 nx1 
1Tx2 1Tx6 




1Ty 3 1Ty 5 
1Ty 4 1Ty e 
ny 1 ny 1 
1Ty 2 1Ty 6 
1Ty 1 ' 1Ty 1 
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S a S a - 1 
4dz 2 4dz 2 
4dxy -4d x:y 
-4dx2-y 2 4dx2-y 2 . 
C 4 (b ) C 4- 1 
4dz 2 4dz 2 
-4d 2 2 -4dx2 2 x -y -y 
-4dxy -4dxy 
/zC4d2x-4dyz )  /!-C4dzx+4dyz )  -4dzx 4dzx 
4dzx -;fC4dzx+4dyz ) . /t(4dzx-4dyz ) 4dyz -4dyz 
Ss Ss Ss Ss Ss 
Spz -Spz -Spz 5pz Spz 
Spx A<sPx + Spy ) fi<sPx - 5Py ) Spy -Spy 
Spy jcsPx - Spy ) ;!-<sPx + Spy ) -5px Spx 
C 2 ' C 2 " C 2 ' "  C2""  
4dz 2  4dz 2 4dz 2 4dz 2  
-4dxy 4dxy -4dxy 4dxy 
- 4 dx 2-y 2 4dx2-y 2 -4dx2-y 2 4dx2-y 2 
S s 3 S a- 3 C 2 
4dz 2 4dz 2 4dz 2 
-4d xy 4dxy 4dx2-y 2  
4dx2-y 2 -4dx2-y 2 4dxy 
�(4dzx+4dyz )  /}(4dzx-4<lyz ) -4dyz 
;}C4dzx-4dyz ) ;}C4dzx+4dyz )  -4dzx 
Ss Ss Ss 
-Spz -Spz Spz 
fi<SPx - Spy ) {!-C5Px + Spy ) -Spx 
j<sPx + Spy ) A<SPx - Spy ) -Spy 
cra cra ' ad" crd ' " 
4dz 2 4d2 2  4d2 2 4dz 2 
4dx 2-y 2  -4dx2-y 2 4dx2-y 2 -4<lx2-y 2  
-4d xy 4dxy -4dxy 4dxy 
/zC4dzx+4dyz ) /tC4dzx-4dyz )  /tC4dzx+4<iyz ) /zC4dzx-4dyz ) -4dyz 4dzx 4dyz -4dzx 
/}(4dzx-4dyz ) 'tzC4dzx+4dyz ) ;}C4dzx-4dyz )  ;!-C4dzx+4dyz )  4dzx 4dyz -4dzx -4dyz 
Ss Ss Ss S s  Ss Ss Ss Ss 
-Spz -5pz -Spz -5pz 5pz Spz Spz Spz 
Jcspx - SpY ) . JCspx + Spy) 'i}CSPx - Spy ) 'i}CSPx + Spy ) Spx Spy -Spx -Sp · Y  
it<sPx + Spy ) J< sPx - Spy ) *(5Px + Spy ) J<sPx - Spy ) -Spy Spx Spy -5px 
� t.-.l w 
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App lying equation 3 . 4 according to the method i llus trated in ex-
press ions 4 . 3  and 4 . 4  yields the ligand comb inations that s erve as b as is 
functions for the i rreducib le representations of D 4 d . Tab le 38 gives 
the met al and ligand symmet ry hyb rids employed as b as is funct ions for 
the irreducib le repres entations of D4 d [Mo ( CN) s] 4- s t ructures . As with 
the E rep resentation of D 2 d , one only needs to work with one set of the 
de generate b as is funct ions for the E 1 , E 2 , and E 3  repres entations . In 
both Tab les 37 and 38  the 4d3z 2-r 2 orbital is writ ten as 4dz 2 • 
The secular determinants are set up employing expans ions 2 . S-2 . 11 . 
Atomic overlaps are evaluated as in the D2 d sys tem from expres sions 3 . 1-
3 . 7 and us ing the final res olved express ions 4 . 15 . The values for 
s in ¢ij , cos �ij ' an d rij in the antiprism geometry , ob tained in terms 
of r and e , are given in Tab le 39 . The value for the crs p  hyb rid angle a 
is taken at 25 ° . An gles �ni and �
n
j
' defined in 4 . 5 , are given us ing 
expr�s s ions 4 . 18 and 4 . 19 , together with the data o f  Tab le 35 , for the 
D4d s truct ure .  The results appear in Tab le 40 . 
In the D 4 d configuration all 
ligand-ligand overlaps are o f  4 types , 
characterized by the rij dis tances . Notation us ed for thes e
 overlaps 
is given in Tab les 39 and 40 . 
Resolut ion of ligand-metal overlaps follows the p ro cedure applied 
in Part I I I  o f  the dode cahedral section .  An gles o f  reso lut ion a1 , . 
defined in equation 4 . 2 1 , and bi , defined . in 4 . 2 2 ,  may b e  ob tained from 
inspection us ing Figure 7 .  Tabie 41  lis ts the ai and b i angles for D4 d • 
As in the l i gand-met al res olution for the dodecahedral sys tem, we mus t 
mnk ' 1 h s in order t o  ob tain pos itive .._ e a coordin ate sys tem change to a • • • 
Tab le 38 . Syzmne t ry hyb rid atomi c o rb it als c omp os ing the molecular orb itals o f  the i rreduc ib l e  
rep res en tations o f  D4d 





$ 1A 1 = 5 s  
tJ;2A 1 = 4dz 2 
¢ 1B 2 = 5pz  
E 1 tJ; 1E 1  = Spx 
lP 1E 1 ' = Spy 
$3A1 = N i (cr 1+cr2+0 3+CJ4+crs+cr6+0 1+cra )  
¢ 2B 2 = N2 (cr 1+cr2+cr 3+04-cr s-cr6-cr 7-cr a )  
¢2E 1 = N3 [cr 1-cr 3+/z(cr s+cr 6-cr 7-cr e ) ]  
tJ; 2E 1 ' = N6 [cr 2-cr 4-Jz(crs-cr 6-<.h+cr a )] 
E2 tJ; 1E 2 = 4dx2-y 2 tJ; 2E 2 = N4 (cr 1-cr 2+cr 3-cr 4 ) 
tJ; 1E 2 ' = 4dxy 
E3 $ 1E 3 = 4dzx 
$ iE 3 ' = 4dyz 
¢ 2E 2 ' = N7 (-a s+a 6-a 7+a a )  
lJJ 2E s  
¢2E3 ' 
= Ns [0 1-0 3-;� C o s+cr 6-o 7-o a )] 
= Na  [0 2-0 4+ /iCo s-o 6-o 7+o a ) ]  
$4A1 = N9 ( 1Tx 1+nx2+nx3+nx4+nxs+nx6+1Tx7+nxe )  
� 1A2 = N 1 o (Tiy 1+ny 2+Tiy 3+Tiy 4-7Ty s-ny 6 -7Ty 7-7Ty a )  
¢ 1B 1 = N i 1 (1Ty 1+ny 2+7Ty3+7Ty 4+7Ty s+Tiy 6+Tiy 7+ny e )  
tJ; 3B 2 = N i 2 ( Tix 1+nx2+nx3+7Tx4-nxs-TIX6-TIX7-nxa )  
¢ 3E 1 = N i 3 [nx 3-7Tx 1-;� (1Txs+1Tx6-1TX7-1Txs )] 
tJ; 4E 1 = N 1 5 [1Ty 4-1Ty 2-l(1Ty 5-ny 6-ny 7+ny a )] 
E ' !"'" 1 )] tJ;3 i = N 1 4 L1Tx2-1Tx4-j2"(1Txs-nx6-7TX7+nxa 
tJ;4E 1 ' = N 1 6 [1Ty 1-1Ty 3-;fCny s+Tiy 6-7Ty7 -1Ty a )] 
¢3E 2 = N i 7 (-nx 1+nx2-nx3+1Tx4 ) 
tJ; 4E 2 = N 1 9 C-ny s+7Ty6�Tiy 7+1Ty s )  
tJ;3E 2 ' = N i a (-rixs+nx6-Tix7+1Txe )  
E ' $4  2 = N2 o (ny 1-ny 2+ny 3-ny 4 ) 
tJ;3E3 = N2 1 [Tix3-1Tx 1+;}Cnxs+nx6-nx1-nxa ) ]  
$ 4E 3 = N2 3 [ny 4-ny 2+ /zC1rys-ny 6-rry 1+ny a ) ] 
$ sE 3 ' = Nn [nx2-nx4+ ;t<1Txs-1Tx6-1rx7+Tixe ) ]  
E ' [ 1 J $4  3 = N2 4 Tiy 1-Tiy 3+/2(Tiy s+Tiy 6-ny 1-rry e )  � � V1 
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Tab l e  39 .  L i gand- l i gand dis tan ces rij and ove r lap an gl es <Pij 
in t ernIB o f  the p a rame ters des c r ib in g  the D 4 d s truc t ure 
over-
lap l i gands 
A 1-2 ; 2-3 ; 
3-4 ; 4- 1 ;  
5-6 ; 6-7 ; 
7- 8 ; 8-5 
c 1- 3 ;  2-4 ; 
5-7 ; 6-8 
. B 1-5 ; 2-6 ; 
3- 7 ; 4·-8 ; 
1-6 ; 2- 7 ; 
12 r s in 8 
2 r s in e 
Ii r ( l  + cos 2 e -
cos <P ij 
1 • 2 � 12 s in 8 )  
1 
� s in e 
s in e 
1 ( 2 12 1 + cos e 1 . 2 � 12 s :rn e ) 
s in <Pij 
cos e 
3-8 ; 4 - 5 ,,to + 1 � 12) s in . · e 
D 1- 7 ; 2-8 ; 12 r ( l  + cos 2 6 + 
3-5 ; 4-6 ; 
1-8 ; 2 - 5 ; 
3-6 ; 4- 7 
- --
1 2 � 12 s in 8 )  
1 ( 2 12 1 + cos e + 
1 
A . 2 a ) � s in 
;}< I - 1 k 
. 
fi) 2s in 
Tab le 4 0 .  Re l a t i onship o f  the li gand xTii ' Yni ' and Zcr i axes to the res o lved overlap axes 
ove r- li gand 
lap i j 
















cos <l>ni s in <f>ni 
--.:::-� 2 -� ( - ( 2 -:- t an 2 8 )  - ( 1 + COS 8 ) - 2 
cos <l>rrj 
- 1 .... 
+ tan : e ) '2 
-k -k -k 
- (2 + t an 2 6 ) 2 ( 1  + cos 2 8 ) 2 - ( 2 + t an 2 8 ) 
2 
- 1  0 -1 
-1� 
( /2  + 1 )  
-k a ( cos e ) - 1 £ 1-� 
· ( Ii + 1 )  f 1 2 f 1 2 
s in <hj 
2 - k c 1  · + cos 8 ) 2 
- ( 1 + -k cos 2 e ) 2 
0 
( c os -
k 
e ) - 1 £ 1 2 
e 





Tab le 4 0 . c on t inue d 
l i gan d 
i j cos 








i s in i 
-� -k f 1 . - < cos e )  - 1 f 1 2 
b 
-� f 2 - ( c os -
k 
e ) - 1 f 2  2 
cos j s in j 
( Ii + 1 )  f 1 -� - ( co s  e ) - 1 f 1 -� 
( Ii  - 1 ) f 2 -� - ( co s  e ) - 1 f 2  -� 
1 8 ( /2  - 1 )  -� -




Tab l e  4 1 . Me t a l- l i gan d ove rlap angle p arame ters for the D 4 d 
s q uare an t ip r i s m 
li gand 1 2 3 4 5 6 7 8 
0 n /2 1T 3-rr /2 7 n / 4 -rr /4 3TT / 4 5TT/5  
a e e e n- 6 TT- 6 TT-6 
7r ove rlap for b o th l i gand n xi and ny i orb i tals
. This is a c c omp l ished b y 
chan gin g . xTT . t o  - x1 . f o r  l i gan ds 1 1 1 4 ,  as in exp res s ion s 4 . 2 3
, and by 
chan g in g  y 1T i 
t o  -y 1 i f o
r l i gands 5 - 8 ,  as in exp res s ions 4 . 2 4 .  Thus 
li gan d-me t al ove r lap expres s i ons det ermine d  for the D 2 d sy s t e m  may b e  
app lied t o  the p re s en t  c as e . In exp res s i on s  4 . 2 6- 4 . 2 8 f o r  me t al S p ­
lig�n d ove rl ap s an d e xp re s s ions 4 . 39-4 . 43 f o r  me t al 4d-li gand ove rlaps 
the s i gns f o r  an tip r is m  l i gan ds 1 - 4 are those th at 
are given f o r  dode ca­
hedral l i gands 1 , 2 , s ,  and 6 ,  an d the s i gns for an t i p r i s m  l i gands 5 - 8 
are thos e  o f  dodecah e d ral l igands 3 ,  4 ,  7 ,  an d 8 .  The app ro p r i a t e  • '  
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s ub s t i t u t i ons g ive a l l  l i gand- l i gand an d l i gan d-me t al ove rlap . exp res s ions . 
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II Elemen ts o f  the S e cular Dete rminan ts for Irreducib l e  Repres en t ations 
The n ormaliz at i on cons tants de fined in Tab le 38 for l igand sym-
met ry hyb rid orb i t als are found by apply in g exp_ans ion 4 . 44 and equat ion 
4 . 4 5 .  The res ult in g  exp ress ions in t erms o f  the ove rlap notat ion o f  
Tab les 39 and 40 are given b elm'! : 
N i 
1 
= 272(1 + 2 Az z + 2 Bzz + Cz z + 2 Dz z )  -� 5 . 3a 
1 � N9 = 272( 1 + 2 Axx + 2 Bxx + Cxx + 2 Dxx) - 2 5 .  3b 
N 1 0  
1 
= 272( 1  + 2 Ayy - 2 Byy + Cyy - 2 Dyy ) 
-� 5 . 4  
1 -� 
N i 1 = 272( 1 + 2 Ayy + 2 Byy + Cyy + 2 Dyy ) 2 2 2 5 . 5  
1 -!.:: N 2 = 272<1 + 2 Az z - 2 B zz + Cz z - 2 Dzz ) 
2 5 . 6a 
N i 2 
1 = 272< 1  + 2 Axx - 2 Bxx + Cxx - 2 
-!.:: Dxx) 2 5 . 6b 
1 
N s = N 6 = � (l  + Ii Bzz - Cz z - 5 Dz z )
-� 5 . 7a 
-!.:: 
N i s = N i tt = � ( l + 12 Bxx - Cxx - Ii Dxx) . 2 5 . 7b 
N 1 s  = N 1 6  = �( l - fi Byy - Cyy + 
-k Ii Dyy ) 2 5 . 7 c 
-!.:: 
N 4 = N 7 � ( l - 2 Az z + Czz ) 2 5 . 8a 
-k 
N i 7 N i  a = � ( 1 - 2 Axx + Cxx) 2 5 . 8b 
-!.:: 
N 1 9 = N2 o  = � ( l  - 2 Ayy + Cyy ) 2 5 . 8c 
-!.:: 
N s = N a  = �( 1  - Ii Bz z  - Cz z + Ii Dz z )  
2 5 . 9 a 
-!.:: 
N 2 1 = N 2 2  - �( l  - Ii Bxx - Cxx + /i Dxx) 
2 5 . 9b 
-!.:: 
N 2 3 = N 2 4 = � ( 1 + fi. Byy - Cyy - fi Dyy ) 
2 5 . 9 c 
The group overlaps for A i repres entation are 
G i 2 = 0 5 . lOa 
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G 1 s = 8 N 1 [s in a S ( 2 s , 5 s , p , T ) + cos a S (2 p0 , 5s , p , T ) ] 
G u = 0 
G 2 3 = 4 N 1 ( 3 cos 2 e - 1 )  [s
.in a S (2 s , 4d0 , p , T ) + cos a S ( 2 pa , 4 d0 , p , T ) J 
5 . lOb 
5 . loc 
5 . lOd 
5 . lOe 
5 . lO f  
G 2 4 = 4/3 N9 s in 28  S ( 2 pn , 4dn , p , T ) 
G 3 4 = 8 N iN 9 ( 2  Az x + 2 Bz x  + C z x  + 2 Dz x) 
The group ove rlaps for B2 rep resentat ion are 
G 1 2 8 N2 cos e [s in a S (2 s , 5 pa , p , T ) + cos a S (2pa , 5Pa , p , T )] 
G 1 3  = 8 N 1 2 s in 8 S ( 2pn , 5pn ,p , T ) 
G2 3 = 8 N 2 N 1 2 (2 Az x  - 2 Bz x + C z x  - 2 Dzx) 
The group over laps for E 1 rep res en tat ion are 
G 1 2 = 
G 1 3 = 
G 1 4 = 
G2 3 = 
G2 4 = 
G s ,. = 
4 N 3  s in e [ s ina S ( 2s , 5PCJ ,p , T ) + cos a 
4 N i 3 cos  e S (2pn , 5pn , P , T ) 
4 N i s S ( 2p1T , 5p1T , p , T ) 
4 N 3 N 1 3 ( C z x -·· /2. B z x + /2 D z x) 
2 /2 N 3 N 1 s ( /[ Az 5 y 6 - fi Az 1 Y 2 + BZ 1 Y 6  
2 Ii N 1 3 N 1 .5 ( /2 AX 1 Y  2 
+ D X1 Y s  - DX 1 Y 1 ) 
- /2 Axs Y  6 +B x 1 Y s  
S (�pcr , Spa , p ,-r)] 
- Bz 1 y s  + DZ 1 Y 7 -
- BX 1 Y 6  
The grorip overlap s  for E 2 represen tation are 
G u . = 
G 2 3 = 
G2 4 = 
G :a 4 
2 v'2 N 4 s in 2 8 [s in a S (2 s , 4 d0 , p , T ) + co
s a S (2pcy , 4da , p , ·r ) ]  
2 N 1 7 s in 2 8  S ( 2p 1T , 4dn , P , T ) 
4 N i 9 s in e S ( 2p1T , 4 dn , P , T ) 
4 N ,.N 1 1  ( 2 A z x  C z x) 
4 N 4N 1 9 (Bz 1 Y 6  BZ 1 Y s + Dz 1Y e 
- DZ 1 Y 1 ) 
4 � 1 .1N 1 9  ( B x 1 Y s  - BX 1 Y 6  + DX 1Y 7 - DX 1 Y s ) 
5 . lla 
5 .  l lb 
5 . llc 
5 . 12 a  
5 . 12b 
5 . 12 c  
5 . 12 d 
DZ 1 Y e ) 5 . 12 e 
5 . 12 £  
5 . 13a  
5 . 1 3b 
5 . 13c  
5 . 13d 
5 . 1 3e 
5 . 1 3 f  
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The group overlaps for E 3 represent ation are 
G1 2 = 2 /3 N 5 s in 2 e [s in ct S ( 2 s , 4 dc:P p , T) + cos Ci S (2pcr ,  4 d c y,  p ,  T ) J 5 . 14a 
G 1 3 4 N 2 1 cos 2 8  S (2 p 7r , 4d n , p , T )  5 . 14b 
G 1 4 = 4 N 2 3  cos e S ( 2p1f , 4dn , p , T ) 5 . 14 c  
G 2 3 = 4 NsN 2 1 ( /2 Bz x  + Czx - /2 Dzx) 5 . 14d 
5 . 14e 
5 . 14f  
Coulomb Hi i  and interact ion inte grals are set  up employing 
expans ion 4 . 5 6  and equation 3 . 2 1 .  The VOIP ' s  for Mo and CN orb itals are 
those that were used in the D 2 d calculation . Ligand-metal funct ions 
4 . 60 and l i gand- l i gand funct ions 4 . 6 1 are employed to  s implify the  final 
expres s ions . 
The Hii  and Hij expansions for A1 representation are 
H u =· Ho (Mo5s )  
H2 2 = 
H3 3 = 
H1t 1t = 
H 1 2  = 
H0 (Mo4d)  
8 N 1 2 [ s in 2 ct
. 
Ho  ( CN2 � ) 
+ 2 f ( Bz z )  + f ( Cz z )  
8 N 9 2 [H o ( CN2 p1r ) 
.0 
+ 2 
+ 2 Ho (CN2 pa )  + 2 f (Az z )  cos Ci 
+ 2 f ( Dz z )] 
f (Axx) + 2 f (Bxx) + f (Cxx) + 2 f (Dxx)] 
8 Ni { s in a f [S (2 s , Ss , p , T ) ] + cos a . f [S (2pa , 5s , p , T )] } 
H2 3 = 4 N i ( 3  cos 2 e  - l ) { s in a f [S (2 s , 4da- , p , T )] 
+ cos a f [s ( 2 pcr , 4dcr ,p  , T )] } 
5 . 15a 
5 . 15b 
5 . 15 c  
5 . 15d  
5 . 1 6 a  
5 . 16b 
5 . 16 c  
5 . 16 d  
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H2 ,. = 4 13 N9  s in 2 6  f [s (2 pn , 4dn , P , T )] 5 . 16 e  
ll 3 4  = 8 N 1N 9  [2 f (Azx) + 2 f (Bzx) + f (Czx) + 2 f (Dzx) ]  5 . 16 f  
The Hii expans ion for A 2  repres entation is 
H 1 1  = 8 N i o 2 [Ho (CN2pn )  + 2 f (Ayy) - 2 f (Byy )  + t ( Cyy)  - 2 f (Dyy )J 5 . 1 7 
The Hii expans ion for B 1  represent ation is 
H 1 1 = 8 N i 1 2 [Ho ( CN2pn ) + 2 f (Ayy) + 2 f (Byy ) + f ( Cyy) + 2 f (Dyy ) ) 5 . 18 
The Hii and Hij expansions for B 2  representation are 
H 1 1  = Ho (Mo5p ) 5 . 19 a  
H 2 2 = 8 N 2 2 [s in 2 a  H0 (CN2 s )  + cos 2 a  H0 (CN2p0 ) + 2 f (Azz )  
- 2 f (Bzz ) + f ( Cz z )  - 2 f (Dzz ) ] 5 . 19b 
H3 3  = 8 N 1 2 2 [H0 ( CN2pn ) + 2 f (Axx) - 2 f (Bxx) + f (Cxx) - 2 f (Dxx)] 5 . 19 c 
H1 2  = 8 N2 cos 8 { s in a f [S (2s , 5pcr , P ; r ) ] + cos a f [S -( 2pcr , 5Pcr , p , -r )] }  5 . 208. 
H 1 3  = 8 N 1 2  s in 6 f [S (2pn , 5P1 n P , 'r )] . 
H2 3 = 8 N2N 1 2 [2 f (Azx) - 2 f (Bzx) + 
f (Czx) - 2 f (Dzx) ] 
The Hii  and Hij expans ions for E 1  rep resentation are 
H 1 1 = Ho (MoSp ) 
H 2 2 4 N 3 2 [s in 2 a H0 ( CN2s )  + cos 2 a H0 (CN2p0 )  + .fi. f (Bzz )  
- .f ( Cz z )  - /2 f (Dz z )] 
li3 3 = 4 N 1 3 2 [H0 ( CN2pn ) + /2 f (Bxx) - f (Cxx) - .fi. f (Dxx)] 
H,. ,.  = 4 N 1 5 2 [H 0 ( CN2p'Tr ) - /2 f (Byy ) - f ( Cyy) + /i. f (Dyy ) ] 
S . 2 0b 
S . 2 0 c  
5 . 2 1a 
5 . 2 lb 
5 . 2 l c  
5 . 2 1 d  
H 1 2 = 4 N 3  s in 8 { s in a f [S (2s , 5p0 , p , T )] + cos a f [S ( 2pa , 5Pcr , p , T )] } 5 . 2 2 a 
H 1 3 = 4 N 1 3  cos 8 f [S (2pn , 5Pn ,p , T )] 5 . 22b 
H u .  = 4 N i s f [ S ( 2 Pn , 5 PTI , P , T ) J 5 . 2 2 c  
H: u  = 4 N3N 1 3 [f ( Czx) - .fi. f ( Bzx) + /2 f (Dzx)] 5 . 22 d  
H2 4 = 2/2 N3N 1 5 [/2 f (Az 5y 6 ) - fi. f (Az 1y 2 ) + 
f (Bz 1y 6 ) - f (Bz 1y 5 )  
12 3 
+ f ( Dz 1y 7 ) - f ( DZ 1 Y a ) ] 5 . 22e  
H : H = 2 ./2 N 1 3N 1 s  [/2 f (Ax 1 Y 2 ) - fi f (Axs Y6 )  + f (Bx 1 y 5 ) - f ( B x 1 y 6 )  
+ f ( DX 1 Y a )  - f (D x 1 y 7 )] 5 . 2 2£  
The Hii and Hij expans ions for E 2 repres entation are 
H i  i = Ho (Mo4d )  5 . 2 3a 
H 2 2 = 4 N 4 2 [s in 2 a Ho (CN2s ) + cos 2a H0 (CN2p0 ) - 2 f (Az z )  + f ( C z z )] 5 . 2 3b 
H s s = 4 N i 7 2 [Ho ( CN2p7T ) 2 f (Axx) + f (Cxx) ] 5 . 2 3c 
H4 4 = 4 N 1 9 2 [Ho ( CN2pn ) 2 f ( Ayy ) + f ( Cyy )] 5 . 2 3d 
H 1 2 = 2 1'2 N 4 s in a O { s in a f [S (2 s , 4d0 , p , T ) ] 
+ cos 2 a f [S (2pa , 4da , P , T ) ] } 
H u = 2 N 1 7  s in 2 8 f [ S ( 2'p7T , 4dn ,  p ,-r )] 
H 1 4  = 4 N i 9 s in 8 f [S (2p7T , 4dn , p , T )]  
f ( C z x) ] 
H2 4 = 4 N 4N 1 9 [f ( Bz 1 y 6 )  f ( B z 1 y s ) + f ( Dz 1Y e ) - f (Dz 1 y 7 )] 
H s 4 = 4 N 1 7N 1 9 [f ( B x 1 y 5 ) - f ( B x 1 y 6 )  + f (Dx 1 y 7 )  - f (D x 1 Y e )] 
The Hii and Hij expans ions for  E 3  representation are 
H 1 1 = Ho (Mo4d)  
H2 2 = 4 N 5 2 [sin 2 a H0 ( CN2s ) + cos 2 a Ho ( CN2p0 ) - /2 f ( B z z )  
- f ( Cz z )  + 12 f (Dz z ) ] 
H 3 3  = 4 N 2 1 2 [H 0 ( CN2pn ) /2 f ( B xx)  - f ( Cxx) + fi 
f ( Dxx) ] 
H4 4 = 4 N 2 4 2 [H0 (CN2pn ) + /2 f ( Byy ) - f ( Cyy ) - f2 
f (Dyy )] 
H 1 2 = 2 /3 N 5 s in 2 8 { sin a f [S (2s , 4dcr , P , T )] 
+ cos a f [ S ( 2pcr , 4d0 , p , T )] } 
H u  = 4 N 2 1 cos 2 e  f [s (2Pn , 4d1T , p , T )] 
R u  = 4 N2 3 cos e f [s ( 2 p1T , 4d1T , p , T >] 
5 . 24a  
5 . 24b 
5 . 24c  
5 . 2 4d 
5 . 2 4e 
5 . 24 f  
5 . 25a  
5 . 25b 
5 . 25c  
5 . 25d  
5 . 26a  
5 . 26b 
5 . 26c  
12 4 
H2 s 
= 2 12 NsN2 1 [/2 f (Bzx) + f ( Cz x) - /2 f (Dzx) ] 5 . 2 6d 
H 2 ,. 
= 2 (2 N 5 N 2 3  [ /z f ( Az s y 6 ) - fi f (AZ 1 Y2 ) + f (Bz 1 ys ) - f (Bz 1 y 6 ) 
+ f ( Dz 1Y e ) - f (Dz 1 y 7 ) ] 5 . 26e  
H 3 4  = 2 fi  Nz 1N 2 3 [/2 f (Ax 1 Y 2 ) - /2 f (Axsy 6 )  + f (Bx 1y6 ) - f (BX 1Y s )  
+ f (Dx 1Y 1 ) - f (DX 1Y e ) ] 5 . 2 6 f  
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I I I  Res ul t s  From the An t i p r i s m  Calculations 
Mo lecular o rb i tals for D ,. d geomet ries w:i. th r (Mo-C) e qual to 2 . 16 3  A 
were s e t up emp loy in g the two b as is A . O .  s e t s  des c r ib ed in the p revious 
s ec t ion . In the 1 8  e l e c t ron Mo 4 d ,  S s , S p � CN cr ,  TI* c al culat i on , s ix 
geome t ries , w i th values o f  e equal to 5 5 ° , 5 7 ° , 59 ° 1 6 ' '  6 1 ° , 6 3 ° , and 
6 5 ° , were inves t i gated . A larger range o f  angles was s t ud i ed in the 
34 e l ec t ron , l i gand crb , Tib , Mo 4d , 5s , Sp b as is s et c a l cu l a t ion . In 
add i t i on t o  the mos t  symme t ric , or hard sphe re , model ( h . s . m . ) wi th 
e = 59 ° 16 ' , s t ruc tures wi th 6 ranging from 43° to 69 ° in 2 °  inc rement s 
were examined . I t  was n o t  p os s ib le t o  ob tain s e l f  c ons i s tency f o r  val ues 
of 6 les s th an 4 7 °  or great e r  than 6 3° in this sys t em due to swi t ching . 
o f  ene rgy leve ls n ear th e s el f-c on s i s tent values f o r  ch a r ges an d con f i gu­
rations . B e f o re acces s to the computer was t e rmin a t e d , s t udi e s  o f  the s e  
sys t ems , p lacing th e las t 2 e le c t rons in t h e  s econd o r  th i rd h i ghe r 
leve ls ra the r than the highes t bonding level , were in i t i at e d . 
Tab les on the next pages give the re s ults for th e h . s . m. ant ipris m 
for b o th b as is s et s , and s e lect ed res ults from the an g l e  var i a t ion 
s tud i es . . Tab les 42 th rough 45 lis t the e lemen ts of the s e cular d e t er­
min an ts ,  calculat ed roo t s , coe f f icien ts of the A . O . ' s  in b on d ing M . O . ' s ,  
and re s ul t s  f rom a Mul l ikan p opulat ion an aly s is fo r b on d in g M . O . ' s in 
the 18 e le c t ron h . s . m. an t ip ris m. To t al b ondin g e l e c t ron ene r gi es and 
ener gy leve l  sp l i t t ings to hi ghes t unoccupied leve ls fo r 18 elec t ron 
ant i p ri s m  s t ruct ures as a function of an gle e app e a r  in Tab l e  46 . Tab le 
46 als o l i s t s ,  as a fun c t i on of e ,  th e s e l f- cons is ten t  charges and 
elec t ron d is t rib u t i ons on Mo and c .  Tab le 4 7  g ives the a l l owed energy 
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levels for the 18 electron antiprism s t ructures . Coefficients and popu-
lations of b onding  molecular orb itals for these sys tems are lis ted in 
Table 4 8 .  
G u 
G i s 
G 1 ,. 
G:z s 
G :z ,. = 
G, ,. 
H 1 2  
H 1 s 
H i ,.  
H :z s 
H :z ,. 
H 3 ,. -
Tab le 4 2 . Group overlaps for the irreduci-b le r epresen t a tions 
o f  the h . s . m . ant ip r i s m  with 8 = 5 9 ° 1 6 ' 
A i 
0 . 0 G i :z 
0 . 3 30 6 2  G 1 3 
0 . 0  G :z s 
- . 0 6 6 4 4 9  
o . 2 79 7 3  
- . 0 31 2 14 
B :z  
0 . 2 0 6 7 4  G 1 2  
0 . 1 9 3 8 6  G 1 3 
0 . 2 31 6 4  G 1 ,. 
G 2 3 
G2 ,. 
G, ,. 
0 . 2 31 4 8  
0 . 0 79 869 
0 . 16321 
0 . 10048 
o. 2 3139 
0 . 0 5 3 4 7 6  
0 . 3 9 7 0 3  
0 . 1 34 8 7  
0 . 2 2 6 74 
0 . 0 7 7 9 9 9  
0 . 1 0 2 89 
0 . 1 5 5 30 
G 1 2 
G i 3 
G i 4 
G 2 3 
G :z ,. 
Gs· 4 
o .  4 6 1 1 6  
- . 1 4 5 6 8  
0 . 1 4 5 9 5  
- . 0 9 3 10 0  
0 . 0 7 6 9 0 4  
- . 1 8 7 8 1  
Tab le 4 3 .  Coulomb Hi i  and in teract ion Hij te rms f o r  the irre­
duc ib l e  rep resen tat ions of  the D 4 d group , 1 8  e- case 
A i 
-10 . 0 7 0  
- 1 0 . 8 4 2  
- 1 7 . 7 8 0  
- 8 .  2 34 1  
o . o 
- 8 . 0 5 5 4  
o . o 
1 .  5 1 10 
- 4 . 19 5 3  
o .  9 0 19 5  
B 1 
H 1 1  = - 3 . 06 5 9 
B 2 
H 1 1  = - 7 .  99 80 
H 2 2  - 1 3 .  7 4 9  
H s 3 - 4 . 4 3 1 8  
B a 
-4 . 5 56 7 
-2 . 4 7 90 
- 6 . 6 6 5 0  
H 1 2 
H 1 3 
H 1 ,. 
H2 3 
H:z ,. 
H 3 ,. 
- 7 .  9 9 80 
-14 . 82 6  
- 6 . 6 2 8 8  
-4 . 4 85 0  
E 1 
-5 . 1018 
- 1 .  02 1 3  
-2 . 0 8 7 1  
-2 . 8898 
-6 . 6 602 
-0 . 4068 
H 1 2 
H 1 3 
H 1 ,. 
H 2 s  
H 2 ,. 
H 3 4  
- 10 . 842 
- 10 . 9 5 2  
- 4 . 2 2 38 
- 8 . 0 1 2 2 
-9 . 02 82 
-2 . 02 2 7 · 
- 3 . 4 0 0 6  
- 2 . 2 5 32 
- 2·. 9 70 3  
-2 . 9 0 4 0  
H 1 2 
H 1 3 
H 1 4 
H 2 3 
H 2 1.t 
H 3 1.t  
- 1 0 . 842 
- 1 1 . 4 5 7  
- 3 . 3 3 1 3  
-6 . 1 8 7 5  
- 10 . 4 8 7  
2 . 1 8 4 8  
- 2 . 1 8 9 0  
2 . 6 8 9 0  
-2 . 2 2 0 1  
4 . 1 1 2 0  
Tab le 4 4 .  Ene r gy levels ( eV )  for the 1 8  e - h .  s
 · m .  an t ipr is m  
- 6 . 882 2 1 . 1 3 6 4  - 3 . 0 6 59 - 1 . 2 790 
-6 . 9 7 1 3  
-11 . 1 8 7  
- 6 . 7883 
- 1 4 . 9 80 
-1 8 . 2 9 1  
- 1 . 2 7 3 1  
-6 . 32 10 
·-6 . 8084 
-15 . 9 4 1  
-i . 6 7 0 5  
- 3 . 4 2 4 9  
- 7 . 6 5 5 4  
- 14 . 4 7 8  
- . 2 59 4 2  
- 1 .  3 8 4 0  
� 7 . 2 33 4  
- 1 4 . 9 38 
1 2 7  
Tab l e  4 5 . C o e f f i c ien t s  an d populat ions o f  a tomi c o rb i t als _ 
in b on d i n g  mo l e c u l a r  orb i tals f or the h . s . m . 
D i. a  an t i p rism , 1 8  e - cas e 
c o e f f i c ients p o p u l a t ions 
en e r gy  rep . C 1 C 2  C 3 c ,.  P 1 P 2 p 3 p 4  
-1 1 . 18 7  A 1 0 . 1 3 7 0 . 8 6 1  0 . 0 35 0 . 304 O e 0 2 0  0 . 8 1 3  0 . 0 0 0  0 . 1 6 6  
- 1 4 . 4 7 8  E 2 o .  5 39 0 . 5 9 1  0 . 0 7 8  0 . 1 5 3  0 . 4 4 2  0 . 4 8 8  0 . 0 1 7  0 . 0 5 3  
- 1 4 . 9 3 8  E 3 0 . 5 3 1 0 . 6 0 4  - . 0 7 7  0 . 0 86 0 . 4 4 2  0 . 52 1  0 . 0 1 8  0 . 0 19 
-14 . 9 80 B 2 0 . 1 6 3  0 . 8 5 6  0 � 2 5 5  0 . 0 6 4  0 . 8 1 2  0 . 1 2 4  
-1 5 . 9 4 1  E i  0 . 1 3 7  0 . 8 6 6  0 . 106 0 . 2 14 0 . 05 2 0 . 8 30 0 . 02 3  0 . 09 5  
- 1 8 . 2 9 1  A 1 - . 2 2 0  0 . 0 32 - . 9 0 1  0 . 02 7  0 . 1 1 4 0 . 00 3  0 . 8 8 1  0 . 0 0 2  
T ab le 4 6 .  T o t a l  bon din g e l e c t ron e n e r gies ( eV) an d lowe s t  
o c c up i e d t o  h i ghes t un oc c up i ed ene r gy l e v e l  s p l i t t ings 
f o r  D 4 d s t ru c t ures r e p re s en t ed b y  1 8  b on d in g  
· 
e l e c t r on o rb i t a l  sys t ems 
e ( de g . ) 5 5  5 7  5 9 ° 1 6 ' 6 1  6 3  6 5  
t o t al 
ene r gy - 2 6 9 . 8 1 -2 6 9 . 9 6 -2 70 . 35 -2 7 0 . 6 5 -2 7 1 . 02 - 2 7 1 . 32 
gap 3 . 4 0 1  3 . 4 9 2  3 . 5 32 3 . 49 5  3 .  3 9 3 3 . 1 8 5  
q�1o . 2 4 6 8 5 5  . 2 4 5 1 3 7  . 2 34 2 8 5  . 2 2 9 3 0 7  • 2 2 1 8 16 . 2 0 4 1 36 
}fo 4 d 5 . 1 6 9 7 3  5 . 1 6 7 0 7  5 . 1610 0 5 . 14 8 0 9  5 . 1 3 1 5 2  5 . 1 18 1 1  Mo S s o .  2 40 7 7  0 . 2 4 6 9 9  Q . 2 6 9 0 5  0 . 2 9 2 8 5 0 . 3 2 4 6 5  o .  3 60 7 2  :1o S p  0 . 3 4 2 6 5  0 . 3 4 0 80 0 . 3 3 5 6 6 0 .  32 9 7 5 0 . 3 2 2 0 2  0 . 3 1 70 3 
qc - . 2 30 85 7  - . 2 30 6 42 - . 2 2 9 2 86 - . 2 2 8 6 6 3  - . 2 2 7 7 2 7 - . 2 2 5 5 1 7  
c 2 s  0 . 2 4 0 0 6 7 0 . 2 4 02 40 Q . 2 3 9 8 7 8  0 e 2 39 3 7 1  0 . 2 3 8 4 9 9 0 .  2 3 7 2 1 9 c 2 p 3 . 9 9 0 7 9 0  3 . 9 9 0 40 2  3 . 9 89 4 0 7 3 . 9 89 2 9 0  3 . 9 8 9 2 2 8  3 . 9 88 2 9 9  
for D -. d geome t r i es , 1 8  e 
-
c a l c ul a t ion s Tab l e  4 7 .  Energy levels 
e = 5 5 ° e = 5 7 ° 8 = 6 1 ° 8 = 6 3
° 8 = 6 5 ° 
en e rgy r e p . en e r gy rep . ene r gy r ep . en e r gy 
r e p . e n e r gy r e p . 
1 . 1 66 2  A2 1 .  0 7 7 4 A2 1 . 306 6 A2 1 .  6 5 5 2  A 2  2 . 1 9 19 A2 
- . 0 9 6 1  E 3 - . 6 1 7 3  E 3 0 . 10 50 E 3  o . 5 6 8 6  E 3  1 . 0 4 4 5  E 3 
- . 9 5 36 £ 3  - .  7 5 19 E 3  - . 6 704 B 2  0 . 000 2 B 2  0 . 5 8 6 8  B 2 
- 1 . 0 5 7 1  E 1 -1 . 2 4 6 1 E 1 - ] . 14 4 4  E l  -
. 81 6 6  E 1  - . 2 75 8  E i 
-1 . 6 0 4 9  B i -2 . 0 6 7 9  B 2  -1 . 89 7 4  E ::s  -2 . 2 2 9 9 E2  - 1 . 3 7 5 6  E 2  
- 2 . 4 2 08 E 2  - 2 . 2 9 32 B 1  -2 . 69 10 E 2  -2 . 4 8 7 6  E 3 
·-2 .. 6 5 l. 4  E :z  
- 2 . 7 2 7 6  B 2  -2 . 5 7 8 7  E :z  -2 . 9 309 E 2 -2 . 6 8 1 0  E :z  - 3 . 0 6 9 6 E 3 
1 2 8 
Tab l e  4 7 .  c on t inued 
en e rgy rep . ene r gy rep . en ergy rep . en ergy rep . en e rgy r ep . 
- 4 . 310 3 E 2 - 3 . 9 3 8 8  E 2 -3 . 6 5 8 6  B 1  -4 . 34 8 2  B 1 - 5 . 04 2 1  B 1 
-6 . 4 4 4 4  E 1 -6 . 4 4 4 8 E 1 -6 . 1 9 1� 1  E 1 -6 . 04 8 9  E l -5 . 9 1 8 6  E 1 
- 6 . 7 5 2 1  B 2 - 6 . 7 5 4 4  E 1  -6 . 7 2 5 0  A i -6 . 4 9 6 8  A i -6 . 2 5 62 A 1 
-6 . 7 7 7 2 A i -6 . 7 5 9 9  B 2 -6 . 82 30 B 2 :-6 . 8 6 9 0 B 2 - 6 . 9 3 9 4  B 2 
- 6 . 8 32 9  E i - 6 . 8 4 4 2  A i -6 . 89 7 6 E 1 - 7 . 00 7 9 E i -7 . 1 2 4 2  E i · 
- 7 . 0 4 4 4  E 3  - 7 . 0 6 6 6 A i - 7 . 04 4 8  A i -7 . 1 4 1 2  A i - 7 . 2 2 10 A i 
- 7 . 1 3 30 A 1 - 7 . 0 9 7 6  E 3  - 7 . 39 34 E 3  -7 . 6 3 7 1  E 3  - 7 . 8 7 0 7  E 2 
- 7 . 8 1 6 7 E 2 - 7 . 7 04 8  E 2 - 7 . 6 7 6 5  E 2 - 7 . 7 5 5 0  E 2 - 7 . 9 3 6 4  E 3  
- 1 1 . 2 1 7  A i - 1 1 . 19 7 A i -1 1 . 1 7 2  A i -1 1 . 14 8  A i - 1 1 . 12 1  A i 
- 1 4 . 1 3 3  E 2 - 1 4 . 2 8 3  E 2 -14 . 6 3 4  E 2 - 1 4 . 5 3 0  B 2 -14 . 2 85 B 2 
- 1 5 . 1 6 5  E 3  - 1 5 . 05 5  E 3  - 1 4 . 7 7 1  B 2 -14 . 7 3 9  E s - 14 . 6 2 9  E 3  
- 1 5 . 4 9 6 B 2 - 1 5 . 2 5 4  B 2 - 1 4 � 8 4 6  E s - 1 4 . 8 2 3  E 2 - 1 5 . 0 1 7  E 2 
- 1 5 . 6 6 8  E i - 1 5 . 7 9 2  E 1 - 1 6 . 0 5 8  E 1 - 1 6 . 1 8 9  E 1 - 1 6 . 3 10 E i 
- 1 8 . 2 5 6  A i - 1 8 . 2 7 6 A i -1 8 .  30 8 A 1 - 1 8 . 32 7  A 1 - 1 8 . 3 4 3  A 1  
Tab le 4 8 . Co e f f i c i en t s  and pop u l at ions o f  a t omi c o rb i tals 
f o r  b on d i n g  d .  O .  ' s  of 18 e- D 4 d s t ruc t ures 
0 = 5 5 ° 
M . O .  C 1 C 2 C 3  C 4 P 1 P 2 p 3 P t.  
¢ 2 A 1 0 . 0009 0 . 8 5 6 6  0 . 0002 0 . 3 2 12 0 . 0000 0 . 8 1 5 2  - . 0000 0 . 1 8 4 8 
¢ 1 E 2 0 . 5 6 2 7 0 . 5 8 4 9  0 . 09 5 8  0 . 1 3 2 3 0 . 4 6 14 0 . 4 7 4 2  0 . 02 39 0 . 0 4 0 4  
¢ i E
3 
0 . 5 0 9 6 0 . 6 1 0 6  - . 0 5 8 1  0 .  1148 0 . 42 34 0 . 5 34 4  0 . 009 8 0 . 0 3 2 4 
¢ iB 2 0 . 1 5 2 9  0 . 8 6 9 7 0 . 2 4 0 1  0 . 0 5 9 6 0 . 8 3 1 0  0 . 1 0 9 5 
q, 1 E 1 · 0 . 14 50 0 . 8 6 2 2 0 . 0 8 9 2  0 . 2 2 89 0 . 0 5 5 9  0 . 8 2 4 3  0 . 0 1 6 3  0 . 1035 
¢ 1A 1  o .  2 2 89 - . 00 2 9  0 . 9 00 8 0 . 0060 0 . 1 2 0 4  0 . 0 0 0 0  0 . 8 7 9 5  0 . 00 0 1  
e = 5 7 ° 
M . O �  C 1 C 2 C 3  C 4 P i P 2 p 3 p ,.  
¢i 2A 1 0 . 06 7 6  0 . 8 5 9 6 0 . 0 1 6 1 0 . 3 1 5 7  0 . 0049 0 . 8 1 6 9  0 . 000 1  0 . 1 7 8 1  
< hE 2 0 . 5 5 14 0 . 5 8 8 3  0 . 0 8 7 3  Q . 14 16 0 . 4 5 1 8  0 . 4 8 1 6 0 . 0 2 0 6  0 . 0460 
¢ iE 3 . 0 . 5 1 8 7  0 . 6 0 82 - . 0 6  7 2  0 . 102 1 0 . 4 3 15 
0 . 5 2 9 1  0 . 0 1 32 0 . 02 6 2  
¢ 1B 2 0 . 1 5 82 0 . 8 6 39 Q . 2 4 60 0 . 0 6 1 7  o . s2 31 0 . 1 1 5 2  <f>i E 1 0 . 1 4 1 5  0 . 8 6 4 6  0 . 09 7 3  0 . 2 2 14 0 . 054 3 o .  82 7 7 o .  0 19 3 0 . 09 8 7  
� 1 A 1  - . 2 2 64 0 . 0 1 6 8  - . 9 0 1 3  0 . 009 7 0 . 118 6 0 . 0008 0 . 880 3 0 . 000 2 
e 6 1 ° 
M . O . C 1 C 2 C 3  C 4  P i  P 2 p 3 p ,.  
¢ 2A 1 0 . 1 84 4  0 . 8 6 2 2  0 . 0 5 1 1  0 . 29 3 3  0 . 0 3 7
1  0 . 8 0 7 9  0 . 0 0 1 1 0 . 1 5 39 
� i E 2 0 . 52 9 2  0 . 5 9 19 0 .  0 7 1 8  0 . 16 2 1  o .  4 32 8  0 . 49 2 5  0 . 01 5 1  0 . 05 9 5  
$ iB 2 0 . 1 669 0 . 8 4 9 4  0 . 2 6 3 7  0 . 06 4 8  0 . 8 0 34 0 . 1 3 18 
1 2 9  
Tab l e  4 8 . con t inued 
M. O .  c -1  C 2  C 3  C 4 P l.  P 2  p 3  p 4 
cp 1 E 3 0 . 5402 0 . 6 0 0 3  - . 0 8 5 8  o .  0 7 2 5  0 . 4 5 0 3  0 . 5 1 3 8  0 . 02 1 5 0 . 0 14 4  <P 1 E 1  0 . 1 32 6  o .  8 6 7 1  0 . 1 1 1 8  0 . ?. 10 3 0 . 0 5 00 0 . 8 3 1 3  0 . 0 2 5 5 0 . 0 9 32 
¢ 1A 1  - . 2 1 3 6  0 . 0 4 4 3  - . 9 0 1 2  0 . 0 3 8 9  0 . 109 3 0 . 0 0 60 0 . 8 8 1 1  0 . 0 0 3 6  
·----== 
e = 6 3 °  
M . O .  C 1  C 2  C 3  C 4 P 1  P 2 p 3  p 4 
cf> 2 A 1  0 .  3 2 19 0 . 8 6 3 7  0 . 0 7 0 5 0 . 2 7 6 7  o .  0 5 9 2  0 . 8 0 1 1  0 . 00 2 1 0 . 1 3 7 6  
<P 1 B 2 0 . 1 7 0 3  0 . 8 40 9  0 . 2 7 5 2  0 . 0 6 5 8  0 . 7 9 1 7  0 . 1 4 2 5  
<P 1 E 3 0 . 5 5 1 5  0 . 5 9 5 5  - . 09 5 2 0 . 0 5 5 0  0 . 4 5 9 8  0 . 5 0 4 8  0 . 02 6 2 0 . 0 0 9 2  <P 1 E 2 o .  5 1 7 7  0 . 5 9 2 8  0 . 0 6 4 8  0 . 1 7 31 0 . 4 2 2 5  0 . 4 9 6 9  0 . 0 1 31 0 . 0 6 7 5  
<P 1 E 1  0 . 1 2 7 9  0 . 8 6 7 3  0 . 1 1 7 4  0 . 2 0 6 5  0 . 0 4 7 6 0 . 8 31 8  0 . 0 2 8 3  0 . 09 2 2  ¢i i A 1  - . 2 0 4 9  0 . 0 5 8 1  - . 9 0 0 2  o .  0 5 1 8  0 . 1 0 3 1  0 . 0 10 2  0 . 8 80 4  0 . 0 0 6 3 
e 6 5 ° 
H . O .  C i  C 2  C 3  C 4  P i P 2 p 3  P i.  
cp 2A 1  0 . 2 7 3 5 0 . 8 6 6 7 0 . 0 8 9 5 0 . 2 .5 5 5  0 . 0 829 0 . 7 9 5 1 0 . 00 3 5 0 . 1 1 8 5  cp 1B 2  0 . 1 7 4 4 0 . 8 3 1 2 0 . 2 8 8 1  o.  0 6 7 1 0 . 7 7 8 5  0 . 1 5 4 5  
cp 1 E 3  0 . 5 6 3 5 0 . 5 9 0 1  - . 1 0 4 4  0 . 0 35 1  0 . 4 69 6  0 . 4 9 4 6 0 . 0 3 1 1  0 .. 0 0 4 7 
cp 1E 2  0 . 5 0 6 4  0 . 5 9 2 9  0 . 0 5 82 Q . 184 1 0 . 4 12 4  0 . 5 00 4  0 . 0 1 1 3 0 . 0 7 60 <f> 1 E i 0 . 12 4 2  0 . 8 6 6 7 0 . 12 1 5  0 . 2 0 35 0 . 0 4 5 7 0 . 8 3 1 4  0 . 0 3 0 7  o .  0 9 2 2 . 
qi 1A 1  · - . 19 7 1 o .  0 7 1 9 - . 89 7 8 0 . 0 6 30 0 . 09 7 5 0 . 0 1 5 4  0 . 8 7 79 0 . 0 0 9 2 
Fo r the 34 e l e c t ron h . s . m . s t ruc ture , e lemen ts o f  the s e cular d e t er-
minan ts , · c alculate d  roots , and c o e f f i c ien ts and populat ions f o r  b ond in g 
M. O .  ' s  app e ar in Tab les 4 9 - 5 2 .  Tab le 5 3  gives , as a f un c t ion o f  angle e ,  
the t o t a l  b on d ing e le c t ron ene rgies ,  s p l i t t in gs t o  l owes t uno c cup i ed 
leve ls (whe re ap p l i c3b l e ) , and charges and con f i gurat ions on Mo and C .  
Ca l culat e d  en e rgie s for thes e  geome t ries are in Tab le 5 4 . 
C o e f f ic i ent s  
an d  p op ul at i on s  o f  b ond in g M. O . ' s  are l i s ted in Tab l e  55 .  
1 3 0  
Tab l e  4 9 .  Group over l aps f o r  the h . s .  m .  3 4  e- ant ip rism 
� 
A i B 2 E i E 2 E 3 
G 1 2  = o . o  G 1 2 = 0 . 2 2 5 6 5  G u = 0 . 2 5 2 6 3 G 1 a 0 0 3 9 2 6 1  G 1 2  0 . 4 5 60 1  
G 1 3 = 0 . 3 4 3 8 5  G 1 3 = 0 . 2 1 8 5 4  G i 3 0 . 0 9 0 0 36 G i s = 0 . 1 3 2 2 9 G 1 3 = - . 1 4 2 8 9  
G i .. o . o G 2 3 0 . 2 31 70 G 1 4 = 0 . 1 8 39 8  G 1 i. = C . 2 2 2 4 7  G 1 ,. = 0 . 1 4 3 19 
G 2 3 - . 0 6 5 6 J 4 G 2 3  = 0 . 100 4 8  G 2 3 0 . 0 7 8 0 6 0  G 2 , 
= - . 0 9 3 1 6 8  
G 2 ,. 0 . 2 7 4 4 8  G2 4 0 . 2 314 3 G 2 ,. = 0 . 10 2 9 9  G 2 ,. = 0 . 0 7 6 9 6 0  
G 3 ,. - . 0 3 1 2 4 4  G 3 ,. 0 . 0 5 3 302 G 3 4 0 . 1 5 4 9 5  G 3 1.t 
= - . 1 8 7 4 0  
--===--..::::z:= 
Tab le 5 0 . H1 1 an d Hij t erms for the h .  s .  m. 34 e - an t i  p rism 
A i B i E i E 2 E 3 
H 1 i = - 1 1 . 1 2 4  H 1 1  = - 10 . 3 7 4  H 1 1  - 8 . 4 9 8 8  H 1 i - 1 2 . 0 8 0 H i 1 = - 12 . 0 80 
H 2 2  = - 12 . 0 8 0  H 2 2  
= - 1 5 . 0 85 H 2 2  -9 . 9 9 2 3  H 2 2  - 10 . 7 3 8  
H 3 3 = - 18 . 4 7 1  
B 2 H 3 3  - 1 3 .  2 82 li 3 3 - 1 1 . 2 4 8  li 3 3  - 1 1 . 49 8 
H '" .. = -14 . 7 74 H 1 1  - 8 . 4 9 88 H 4 4 = - 1 2 . 49 4  H 4 t. - 1 4 . 4 84 li 4 4 - 1 2 . 89 6 
A2 
H 2 2 - 1 3 . 6 2 3  
li 3 3  
= - 1 3 . 0 8 2  
H 1 1 - 8 . 702 3 
A i B 2 E i E 2 E 3 
H 1 2 = o . o  H 1 2 - S . 0 3 70 H 1 2 - 5 . 6 39 3  H 1 2  -9 . 3 2 34 H 1 2  
- - 10 . 8 2 9  
H 1 3 - 8 . 6 2 1 5  H 1 3  = -4 . 4 0 7 5  H 1 3 - 1 . 8 15 8  H 1 3 - 3 . 0 3 6 6  H 1 3  3 . 2 8 0 1  
H 1 ,. = o . o H 2 3 = - S . 8 7 7 5  H 1 4 - 3 .  7 105 H 1 4 -5 .- 1 0 6 8  H 1 i. 
= - 3 . 2 8 6 8  
Hz , = 1 .  5 60 1  H 2 3 -2 . 5 5 2 2  H 2 3 
- 1 . 9 6 34 H 2 3 = 2 . 34 4 8 
H 2 i. = - 6 . 3 0 0 5  lh 4 
= -5 . 8 6 3 8  H 2 1.+ - -2 . 5 9 9 1  H 2 4 = - 1 . 9 4 2 3 
li 3 4 = 0 . 7 8 4 5 6 H 3 i.  
= - 1 . 3 36 5  H3 1.+ - 3 . 6 6 9 8  H 3 4 4 . 3 7 1 9  
-Tab l� 5 1 .  Ene r gy  levels ( eV) for the 3 4  e l e c t ron h . s . m  an t ip r i s m  
Rep . A i A2 B 1 
B 2 E 1 
E 2 E s 
- 7 . 7084 - 8 . 70 2 8  - 10 . 3 7 4  - 6 . 5 4 8 7 -6 . 5 60 3  - 2 . 4 5 8 5  
-0 . 9 10 3  
-9 . 5 2 9 9  -9 . 74 5
1 - 10 . 0 1 4  - 10 . 1 6 8  
-9 . 4 60 8  
- 15 . 76 5  - 15 .  9 39 
· -12 . 81 8 -12 . 380 - 1 2 . 709 
- 19 . 041 - 16 . 7 5 4  - 1 6 . 4 6 4  
- 1 6 . 1 5 0  
Tab l e  5 2 . Coe f fi cien ts and populat ions o f  atomic o rb it a ls 
in b onding M . O .  ' s  for the h . s . m . 34 e- an tiprism 
coef f i cients population s  
energy rep . C 1 C 2  c , � 4 P 1 P 2  p 3  
- 10 . 168 E 2  0 . 10 7 0 . 0 7 0  - . 9 82 0 . 3 81 0 . 010 0 . 005 0 . 886 
- 10 .  3 7 4  B 1 1 . 000 1 . 000 
- 12 . 3 1 0  E 2  - . 502 - . 4 69 0 . 1 2 7  0 . 750 0 . 2 52 0 . 2 72 0 . 0 1 8  
-12 . 7 0 9  E s - . 37 4  - . 3 7 1  - . 3 8 7  o .  7 2 7  0 . 14 3 0 . 1 6 7  0 . 1 6 8  
- 12 . 818 E 1 0 . 04 2  0 . 2 2 3  - . 9 72 0 . 2 14 0 . 002 0 . 0 4 2  0 . 9 09 
- 15 . 7 6 5  A 1 0 . 06 3  0 . 4 1 5  0 . 09 2  0 . 799 0 . 006 0 . 2 6 1  0 . 006 
- 1 7 . 9 39 B 2  0 . 19 1  0 . 6 35 0 . 54 7  0 . 08 7  o .  5 1 1  0 . 4 0 3  
- 16 . 150 E s  0 . 5 0 5  0 . 4 1 3  - . 2 84 o.  35 7 0 . 39 7  0 . 2 8 9  0 . 1 3 1 
-16 . 4 64 E 2  0 . 4 32 0 . 2 9 7  0 . 2 35 0 . 5 84 f) . 307 0 . 162 0 . 09 5  
- 16 . 7 5 4  E 1  0 . 1 6 0  o.  7 1 5  0 . 2 42 0 . 382 0 . 069 0 . 6 2 1  0 . 084 
- 19 . 04 1  A 1 - . 2 3 3  0 . 0 4 7  - . 8 88 0 . 05 1 0 . 125 0 . 00 6  0 . 8 6 4  
p 4 
0 . 09 9  
0 . 4 5 8  
o .  5 2 1  
0 . 04 8  
o .  7 2 8  
0 . 18 4  
0 . 4 3 6  
0 . 2 2 6  
0 . 005 
Tab l e  5 3 .  S e l ec ted proper ties o f  34 e - ant iprism s t ruc t ures , 
as a func.� ion of angle e 
nngl e to tal gap 
(deg . ) energy ( eV )  ( eV) qMo Mo Ss Mo Sp qc C 2 s  c 2p 
4 3a -500 . 8 J ') . 1462 0 . 3984 0 . 31 7 7  - . 2 18 3 0 . 19 9 3  4 . 0 1 9 0  
4 3b -502 . 35 0 . 3151 0 . 2 746 0 . 5 1 9 2  - . 2 39 4  0 . 1 8 5 5  4 . 05 38 45c - 4 9 9 . 64 0 . 1 5 2 7  0 . 3350 0 . 3149 - . 2 1 9 1  0 . 2 01 9  4 .  0 1 7 1  45d - 50 2 . 3 3 0 . 3196 0 . 2 7 52 0 . 5 1 2 9  - . 2 39 9  0 . 1 8 9 1  4 . 0509 
4 7e - 501 . 59 o .  32 81 0 . 2 74 9  0 . 50 70 -.  2 4 10 0 . 19 2 6  4 . 0484 
4 9  -49 9 . 9 6 o . o 0 . 3328 0 . 2 7 66 0 . 5 0 6 8  - . 2 4 1 6 0 . 19 60 4 . 04 5 6  
5 1  -4 9 8 . 2 8  0 .  () o .  3 3 lf 4  0 . 2 749 0 . 5001 - . 2 4 1 8  0 . 1 9 9 6  4 . 042 1 
5 3  - 4 9 6 . 2 8 o . o o . 34 02 0 . 2 7 1 7  0 . 4 9 0 6  - . 2 4 2 5  0 . 2 0 3 7  4 . 0 38 8  
5 5  -49 3 . 49 o . o 0 . 3 3 2 6  0 . 2 6 1 3  0 . 46 7 6  - . 24 1 6  0 . 2 112 4 . 0 304 
57 -49 2 . 08 o . o o .  32 7 5 0 . 2605 o . 4 6 5 5  - . 2409 0 . 2 1 5 1  4 . 02 5 9  
5 9  -49 1 .  7 4  o . o  o .  32 59 0 . 2 6 1 7  0 . 4 5 6 6  - . 2 4 0 7  0 . 2 00 2  4 . 040 6 
59 ° 16 ' - 49 1 .  6 8  o . o 0 . 3 3 0 1  0 . 2 6 2 5  0 . 4586 - . 2 4 1 3  0 . 2005 4 . 0408 
6 1  - 4 9 2 . 6 9 o . o  0 .  32 9 9 0 . 2 6 4 1  0 . 462 3 - . 2 4 12 0 . 2 0 1 2  4 . 0400 
6 3 f -49 4 . 34 0 . 3200 0 . 2 6 8 7  0 . 4 7 31 - . 2400 0 . 2099 4 . 0 30 1  
6 5 &  -49 6 . 00 o .  3 1 6 6  o .  2 7 7 6  0 . 4 2 2 3 - . 2 39 6  0 . 2 0 6 7 4 . 0 3 2 8  
6 7h -494 . 2 7  0 . 1 5 2 2  0 . 3603 0 . 2849 - . 3190 0 . 2 2 6 5  3 .  99 2 5  
6 7 i -4 9 8 . 1 8 o .  30 5 7  0 . 2820 0 . 4 8 30 - . 2 38 2  Q . 20 3 2  4 . 0 35 0  
6 9j -49 8 . 82 0 . 3 1 52 0 . 2 9 3 3  o . 5 10 3  - . 2 39 4  0 . 2 00 0  4 . 0 3 9 4  
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Tab l e  5 4 . En e r gy l eve ls 
e = 4 3 ° i 
a 
e = 4 3 ° 2 
ener gy rep . energy rep . 
0 . 7 202 E 3  0 . 2 4 4 6  E 3  
- 2 . 4 114 E 2 -2 . 5 0 7 7  E 2 
- 5 . 5 34 8  A2 - 5 . 3531 A2 
- 5 . 7 6 4 7 B i -5 . 582 2 B 1 
- 6 . 19 70 A i -6 . 3 388 E 1 
-6 . 4 2 19 E i - 6 . 6 2 7 9  B 2  
- 6 . 5 4 4 9  B 2 - 7 . 4461 A i 
- 7 . 6 6 35 E 2 - 7 . 7 0 8 5  E 1  
- 7 . 9 02 1  E 1 - 7 . 89 2 0  E 2 
- 8 . 7 6 5 4  A i -9 . 0 2 7 9  E 3 
- 9 . 0 8 5 3  E 3  -9 . 9 9 52 A i  
-12 . 705 E 3  - 1 2 . 5 7 9  E 3 
- 12 . 79 4  E 2 -12 . 8 31 E i  
-1 3 . 0 6 3 E 1  - 1 3 . 2 60 E 2  
- 14 . 0 30 B 2  -1 3 . 7 5 8  B 2 
-1 5 . 8 70 E 2 - 1 5 . 8 8 8  E i  
- 16 . 0 5 2  E i - 1 5 . 9 2 6  E 2 
- 16 . 1 9 8  A i -16 . 2 79 A i  
- 16 . 2 9 7  E l  -16 . 79 2  E 3 
- 1 8 . 3 7 6 B -z - 1 8 . 10 3 B 2  
-19 . 4 7 3 A 1 -19 . 45 2 A i  
e = 49 ° e = s1 ° 
ene r gy rep . en e r gy rep . 
-0 . 0 32 5  E 3 -0 . 16 9 0 E 3 
- 3 . 105 2 E 2 - 3 . 0 0 1 9  E 2  
- 6 . 4 302 E i - 6 . 4 6 0 7  E i 
- 6 . 6 0 5 1  B 2  -6 . 5 9 7 0 B 2  
- 7 . 3 8 3 3  A2 - 7 . 8014 A 1 
- 7 . 7 4 16 A i - 7 . 8 1 9 5  A2 
- 7 . 8 6 6 3  B 1 - 8 . 4 38 3  B 1 
- 8 . 9 1 6 3 E 2 -9 . 2 76 9 E 1 
- 8 . 9 4 8 8  E 1 -9 . 2 7 9 8  E 2  
-9 . 5 8 14 A 1  -9 . 499 7 A 1 
-9 . 6 6 86 E 3 -9 . 7 762 E l · 
- 12 . 52 0  B 2  -12 . 049 B 2  
- 12 . 5 5 1 E 3  - 1 2 . 5 3 3  E 3 
- 12 . 9 85 E 1  - 12 . 9 8 3  E 2 
- 1 3 . 1 10 - 1 2 . 9 8 5  E i E 2 
- 16 . 09 5  - 1 6 . 16 3 E 2  E 2 
-16 . 11 7  - 1 6 . 2 1 7 E i  E i 
- 16 . 2 4 8  A 1 - 1 6 . 2 8 3  A i 
-16 . 6.7 7  E 3 -1 6 . 604 E 3 
- 1 7 . 30 9  B 2 - 1 7 . 0 35 B 2  
- 19 . 1 3 3  A i - 19 . 0 6 3  A i  
f o r  D4d geomet ries , 34 e-
e = 4 5 ° 1 
ener gy rep . 
0 . 6 58 2  E � 
-2 . 6 76 8  E 2 
-6 . 3042 Ai 
-6 . 36 5 4  A2 
- 6 . 42 2 4  E i 
- 6 . 5 3 6 2  B 2  
- 6 . 6 6 0 3  B 1 
-8 . 0331 E 2 
- 8 . 3 7 19 E 1  
- 8 . 6618  A i  
-9- . 3800 E 3 
-12 . 700 E 3 
- 1 2 . 8 6 1 E 2  
- 1 3 . 1 5 2  E i  
- 1 3 . 640 B 2  
- 1 5 . 8 6 2  E 2  
- 1 6 . 114 E i  
. - 16 . 169  A i  
-16 . 2 6 1  E 3  
-1 8 . 105 B 2 
-19 . 34 5 A i 
e = 5 3 ° 
energy rep . 
-0 . 32 55 E 3  
-2 . 82 5 7 E 2 
- 6 . 485 3 E i 
-6 . 5821  B 2  
- 7 . 82 31 Ai 
- 8 . 164 7 A2 
-8 . 9 5 6 1 B i 
-9 . 454 8  Ai 
-9 . 5 5 7 7  E i 
-9 . 6 19 2 E 2  
-9 . 8 189 E 3  
- 1 1 . 5 4  7 B 2  
-12 . 5 31 E 3 
- 12 . 82 8 E 2  
-12 . 9 6 7  E i  
- 1 6 . 184 A l 
- 16 . 2 33 E 2  
-16 . 330 E i 
- 16 . 51 3  E 3  
- 16 . 7 64 B 2  
- 19 . 019 A i  
6 = 4 5 ° 2 
ene rgy rep . 
0 . 1 6 4 6  E 3 
-2 . 84 39 E 2 
- 6 . 1 7 7 8 A2 
- 6 . 345 2 E i 
- 6 . l� 7 1 3  B 1  
-6 . 59 4 2 B 2 
- 7 . 54 1 3  A i  
-8 . 1648 E i 
- 8 .  2 09 9  E 2 
-9 . 2 9 30 E l  
-9 . 8 5 14 A i 
· - 12 . 590 E 3 
-12 . 9 15 E i 
-13 . 2 64 E 2 
- 1 3 . 3 79 B 2 
-15 . 9 5 7  E i 
- 1 5 . 9 8 8  E 2  
- 1 6 . 300 A i 
-16 . 7 8 8  E 3 
-1 7 . 8 5 1  B 2  
-19 . 338 A i  
e = 5 5 ° 
ener gy r ep . 
- 0 . 4 5 54 E 3 
-2 . 6 6 6 4  E 2 
-6 . 5 1 4 3 E i  
-6 . 5 7 1 5  B 2  
- 7 . 7 9 5 7  A i  
-8 . 4 32 6  A2 
-9 . 34 7 0  A i  
-9 .  4 !�18 B i  
-9 . 7 9 12 E i  
-9 . 7 9 4 8  E 3 
-9 . 9 0 5 9  E 2 
- 1 1 . 019 B 2  
-12 . 5 4 3 E 3. 
- 1 2 . 62 7 E 2 
- 1 2 . 94 1 E i 
-1 6 . 0 39 A i 
- 1 6 . 2 4 8  E 2  
- 1 6 . 329 E 3 
-16 . 4 5 7  E i  
- 1 6 . 4 9 6 B 2  
-1 8 . 99 4  A 1 
1 32 
calculat ions 
e = 4 7 ° 2 
ene r gy rep . 
0 . 0 7 10 E 3  
- 3 . 0 3 8 2  E 2 
..-6 . 3644 E i 
-6 . 5 7 64 B 2 
-6 . 8 4 7 3 A2 
- 7 .  2 2 39 B i 
- 7 . 6 35 2  A i 
- 8 . 5 5 9 1  E2 
-8 . 5 8 19 E 1 
-9 . 5 10 7  E 3  
-9 . 7 11 8  A i 
-12 . 58 1  E 3  
-12 . 9 68 E l.  
-12 . 969 B 2 
-1 3 . 2 14 E 2 
-16 . 0 35 E 1 
-16 . 04 7 E 2 
- 1 6 . 30 7 A i 
- 1 6 . 7 5 2 E 3 
-1 7 . 5 8 7  B 2 
-19 . 2 30 A i 
e = 5 7 ° 
ene r gy r ep . 
-0 . 6 62 7 E 3 
-2 . 4 899 E 2 
-6 . 5 2 5 5  E i 
-6 . 5 489 B 2  
- 7 . 7 6 2 6  A 1  
-8 . 60 88 A2 
-9 . 41 5 5  A i 
- 9 . 6 8 2 7 E 3 
-9 . 89 0 3  B i 
-9 . 9 4 59 E i  
-10 . 112 E 2 
-10 . 44 3  B 2  
- 1 2 . 4 8 1  E2 
-12 . 60 3  E 3  
- 1 2 . 889 E i - 1 5 . 929 A 1  
- 1 6 . 2 3 1  B 2 
-16 . 2 4 6  E l 
- 1 6 . 34 7 E 2 
- 1 6 . 5 9 4  E i 
- 1 9 . 00 5  A i  
Tab le 54 . con t inued 
a 
e = 59 ° e = 59 ° 16 ' 
en ergy r ep . 
-0 . 8868  E 3  
-2 . 4 899 E 2  
-6 . 5 30 7  B 2  
-6 . 5 384 E 1  
- 7 . 7125  A1  
- 8 . 699 8 A2  
-9 . 4 9 38 E3 
-9 . 5 2 4 4  A i 
-9 . 831 3 B 2  
-10 . 015  E 1  
- 10 . 1 7 6  E 2 
- 10 . 320 B 1  
-12 . 39 1 E 2  
- 12 . 6 9 9  E 3 
- 12 . 829 E 1  
- 15 . 7 9 3  A i 
- 15 . 9 74 B 2  
- 1 6 . 1 70 E s  
-16 . 4 5 7  E 2  
- 1 6 . 7 37 E 1  
-19 . 0 38 A l  
e = 6 5 ° 2 
ene r gy rep . 
energy rep . 
-0 . 9103  E 3 
-2 . 458 5  E 2  
-6 . 5487  B 2  
-6 . 5603 E i  
- 7 . 7084 A 1  
-8 . 702 8 A2 
·-9 . 4608 E s  
-9 . 5299 A i  
-9 . 7451  B 2  
-10 . 014 E 1  
-10 . 168 E 2  
-10 . 374 B �  
-10 . 380 E 2 
-12 . 709 E 3  
-12 . 818 E 1  
-1 5 . 765  A i  
-15 . 9 39 B2  
-16 . 150 E 3 
-16 . 464 · E 2  
- 1 6 . 754  E i  
-19 . 0 4 1  A i  
e = 6 7 ° 1 
energy rep . 
e = 61 ° 
energy rep . 
�-1 . 11 69 E 3  
-2 . 29 9 1  E 2 
-G . 5154 B 2  
-6 . 5500 E 1  
- 7 . 6495 A i 
-8 . 70 2 1  A2 
-9 . 19 1 7  B 2  
-9 . 2440 E 2 
-9 . 65 30 A i  
·-9 . 9 7 8 8  E 1 
-10 . 0 54 E 2 
-10 . 740 B i 
-12 . 39 6  E 2  
-12 . 7 72 E i 
-12 . 82 5  E 3  
-15 . 62 9  A 1  
-15 . 7 31 B 2  
-16 . 100 E 3  
-16 . 57 3  E 2 
-16 . 884 E i  
-19 . 089 A 1  
e = 6 7 ° 2 
energy rep . 
e = 6 3 ° 2 
ene rgy . rep . 
- 1 . 360 7 E 3  
- 2 . 1142  E 2  
- 6 . 4 8 2 9  B 2 
- 6 . 5407  E i  
- 7 . 5 74 6  A 1  
-8 . 5 3 6 1  B 2  
- 8 . 6 0 74 A i 
- 8 .  9 602  E 3.  
-9 . 7 4 32 E 2  
-9 . 8168 E l.  
-9 . 82 4 4  A� 
-11 . 1 6 0  B :i  
-12 . 509  E 2 -12 . 7 2 5  E J.  
-12 . 98 4  E 3  
- 1 5 . 4 5 6  Ai  
- 15 . 5 1 1  B 2  
-16 . 06 9  E 3  
-16 . 7 1 6  E 2  
-1 7 . 0 3 2  E 1  
-19 . 1 5 6  ..\ 1  
e = 69 ° 2 
en ergy r ep . 
- 1 . 5 8 36 E 3  - 1 . 1116 E 2  -1 . 705 7 E 2  - 1 . 4 3 30 E 2  
- 1 . 9 111 E 2  -1 . 32 74 E 3  -1 . 79 24 E 3  - 1 . 9 2 91 E 3  
- 6 . 4 7 1 5  B 2  - 6 . 2 501 A i -6 . 35 84 B 2 - 6 . 0864  B2 
-6 . 5 5 5 3  E 1  - 6 . 39 36 B 2  -6 . 4945 E 1 -6 . 4 5 6 5  E �  
- 7 . 5 1 5 3  A 1  - 6 . 4986  E i  -7 . 2 9 30 B 2  - 6 ; 9 2 5 3  B 2  
- 7 . 8814 B 2  - 7 . 494 2 B 2  - 7 . 39 6 6  A i - 7 . 3 5 19 A t 
-8 . 39 4 1  A2 - 8 . 2 6 39 A2 -8 . 0613 A2 - 7 . 5 5 1 7  A2 . 
· - 8 . 6 6 9 8 E3 - 8 . 4 5 6 2 E 3  -8 . 4 376 E 3  -8 . 0 7 7 5  E 2  
-9 . 2 7 39 E 2  - 8 . 8250 A 1  -8 . 712 7 E 2  - 8 . 2 7 2 0  E 3 
-9 . 502 7 E 1  - 8 . 8606 E 2  -9 . 0452  E i  -8 . 4 1 5 2  E i 
-9 . 9 89 4  A 1 -9 . 2 4 7 3 E i  -10 . 15 7  A i -10 . 2 31 A1 
- 1 1 . 5 74 B i  -12 . 2 59 B i -12 . 009 B i -12 . 4 34 B 1  
- 1 2 . 6 72 E 2  -12 . 5 7 5  E 2  -12 . 6 5 7 E i -12 . 608  E i  
- 12 . 6 8 1  E 1  -12 . 890 E 1 - 12 . 879  E 2 - 1 3 . 040 E 2  
- 1 3 . 149 E 3  - 1 3 . 04 8 E 3  -13 . 340 E 3  - 1 3 . 484  E 3 
- 15 . 2 4 5  A i  -14 . 742 A i -15 � 02 2  A i  -14 . 709 A i 
15 316  B -15 . 2 6 3 B 2  -15 . 16 8  B 2  - 1 5 . 058  B2  
- • 2 -15 . 6 60 E.,. -16 . 066  
E3 - 16 . 04 0  E 3 16 . 045  E 3  � 
· - 1 6 . 8 5 1  E 2  -16 . 6 70 E 2  -17 . 0 1 3  E 2  - 1 7 . 10 3  E 2  
- 1 7 . 1 6 8  E 1 -17 . 5 2 5  E 1 -17 . 311 E i - 1 7 . 42 7  E 1 
-19 . 2 2 9  A i�=-:_:
1�9�·�3�0�9=A�--�1 ====;;.19�. 3;;.1�4=A=1==
-=1=9=·=3=8=6=A===1 = 
S ee foo tnotes , Tab le 5 3 . 
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Tab l e  55 . Coe f fi cient s and populations o f  atomi c o rb i t als 
for b onding M. O . ' s  o f  34 e- D, d s t ructures 
e = 4 3 ° 1 
M. O . C 1 C 2  C 3 C 4  P 1  P 2 p 3 p 4  
<J> 3A.i 0 . 3 6 5 0  - . 9 4 4 1  - . 02 9 4 0 . 5103 O o l 2 9 8  0 . 7 5 36 0 . 000 7 0 . 1 159 
<J> 3E 3 - . 2 6 39 - . 2 5 9 6 - . 7 2 32 0 . 5031  0 . 0 808 0 . 0 7 7 5  0 . 5 8 89 0 . 2 5 2 8  
4> E 2  - . 5 5 38 - . 3 85 1 - . 4 5 00 0 . 4 2 6 9  0 . 36 7 6  0 . 2 33 1 0 . 2 6 7 1 0 . 1 32 1 3 
4> 3E i - . 09 7 0  - . 1 54 8 - . 8 5 2 4  0 . 4 11 2  0 . 0 1 5 7 0 . 02 2 6  0 . 7 8 2 1 0 . 1 79 6 
4> 2 B 2  - . 0 7 22 - . 5 9 7 3  o .  9 2 9 8  0 . 00 70 o .  2 52 0  0 . 7 4 10 
4> 1 E 2  0 . 2 4 10 0 . 0 9 38 0 . 10 5 3 0 . 9022  0 . 10 5 3  0 . 018 8  0 . 02 0 1  0 . 8 5 5 8  
4> 1 E 1 0 . 1 3 54 0 . 6 3 29 0 . 1410 0 . 5 5 8 3  0 . 04 8 3  0 . 5 19 2  0 . 0 2 3 1  0 . 409 3 
<f> 2A 1 - . 1049 0 . 2 16 6  - . 30 6 5 0 . 89 39 0 . 0 2 14 0 . 0 9 2 3  0 . 0 6 1 1  0 . 8252 
4> 1 E 3 0 . 39 7 8  0 . 49 2 7  - . 0454 o . 4 6 1 3  0 . 2 9 6 2 o .  39 3 5  0 . 0044 0 . 3059 
4> 1 B 2  0 . 0 7 4 2  0 . 7 9 4 8  0 . 4299  0 . 02 3 7  0 . 7 1 6 6  0 . 2 5 9 7  
4> 1  A i 0 . 1 1 7 5  0 . 0 7 84 o .  89 79 . 0 . 1 8 36 0 . 0480 0 . 02 3 1 o .  8 7 2 9  0 . 0 5 6 8  
= 
e = 4 3 ° 2 
M. O . C 1 C 2 C 3 C 4 P 1 P 2 p 3  p 4  
<f> sE 3 - . 3410 - . 1 8 2 2  o .  7 3 72 O ·. 7 8 72 0 .  0 8 72 0 . 02 8 5  0 . 44 35 0 . 4408 
<j> 3� 3 - . 2 6 12 - . 2 0 0 3  - . 6 9 60 o .  5 72 6  0 . 0 6 76 0 . 04 39 0 . 5 5 4 5  0 . 3340 
� � r.. 1 - . 1222 - . 12 5 1+ - • at.02 o . 4 32 3  0 . 0229 0 . 01 4 9 0 . 7 6 5 i  0 . 19 7 1 
tf> 3E 2  - . 5 84 8  - • 32 6 7 - . 3400 0 .  6 0 7 2  0 . 3 6 8 3 0 . 1 7 32 0 . 1 6 00 0 . 2 9 85 
4> 2B 2  - . 084 5 - . 5 8 3 6  0 . 9 36 6  0 . 00 85 0 . 2 40 5  0 . 7 5 11 
cf> 1 E i 0 . 1 8 5 0  0 . 6 1 8 3  0 . 149 3 0 . 5 356 0 . 08 18 0 . 5 0 4 8  0 . 02 76 0 . 3859 
cP 1 E 2  0 . 40 1 3 0 . 1 3 70 0 . 1 3 7 5  o . 79 3 3  0 . 2 3 75 0 .  0 39 7 0 . 034 7 0 . 6881 
cf> 2A 1  - . 1 6 6 8  0 . 3 2 5 1  - . 2 8 8 4  0 . 82 6 6  0 . 0 4 4 0  0 . 1 6 6 8  0 . 0 5 5 5  0 . 7 33 8  
4> 1 E 3 0 . 49 7 3  0 .  L� 6 9 3  - . 0 1 60 0 . 3 7 5 1  0 . 4 0 2 3 0 . 3 7 7 0  0 . 0008 0 . 2 19 8  
4> 1 B2 0 . 1052 0 . 7 8 5 8  o .  4 1 7 1  0 . 04 18 0 . 7090  0 . 2 4 9 2  
cf> /'- 1  0 . 1 9 4 5  0 . 12 39 0 . 8 5 09 0 . 1706 0 . 09 33 0 . 0401 0 . 814 7 0 . 0518 
e � 45 ° 1 
M. O . C 1 C 2  C 3 C 4 P 1 P 2 p .3 p 4 
¢3A 1 0 . 3164  - . 9 5 99 - . 0 34 3  0 . 5 3 7 5 0 . 0 9 65 0 . 7 7 1 0 0 . 0008 0 . 1 31 7  
<f>3E 3  - . 2 7 4 1 - . 2 8 10 - .  7 19 2 0 . 49 85 0 . 0 8 6 7 0 . 09 0 7  0 . 5 7 5 2  0 . 2 4 7 4  
<f>3E 2 
- . 52 85 - . 40 1 1 - . 4 39 9  o . 4 76 0  0 . 3 35 4  0 . 2 4 5 3  0 . 2 5 1 1  0 . 1 6 8 2  
¢3 E :.  - . 08 4 1 - . 12 5 3  - . 8 659 o . 406 3 0 . 0 1 19 0 . 0 1 4 6 o .  79 72  0 . 1 7 6 3 <f>2 B 2 - . 0 7 2 9 - . 60 6 4 0 . 02 4 3 0 . 00 6 7 0 . 2 6 3 1 0 . 7 30 2  4>1 E 2 0 . 2 6 30 0 . 1165  0 . 1 2 6 6  0 . 8 782 0 . 1 2 4 4  0 . 02 79 0 . 02 8 3  0 . 819 5 
cf>1E 1  0 . 1 3 7 3  0 . 6 5 1 7  0 . 149 3 0 . 5 36 8 0 . 049 9 0 . 5 4 0 9  0 . 0 2 6 7  0 . 3824 
¢..zA 1 - . 09 4 8  0 . 2 4 1 3 - . 2 6 88 o . 88 39 0 . 0 1 7 3  0 . 112 7 o .  04 7 7  0 . 8 2 2 3 
<i>t E 3 0 . 4 0 3 7 0 . 4 9 4 4  - . 0 7 8 6  o . 4521  0 . 3018 0 . 3 9 2 8  0 . 01 14 0 . 2940 
¢1 B 2  0 . 0 822 0 . 7 85 1  0 . 4408 0 . 02 7 0 0 . 7 02 7  0 . 2 7 0 3 
<f1. A1 0 . 12 66 0 . 0 7 1 6  0 . 9 0 6 8  o . 1 6 18 0 . 0 5 3 7  0 . 0 184 0 . 8840 0 . 0 440 
= 
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Tab le· 5 5 . cont inued 
e = 4 5 ° 2 
M. O .  C 1  C 2  C 3 C 4 P i  P 2  p 3 p 4  
<f> ,E 3 - . 30 12 - . 1684 0 . 7 35 7  0 . 7903 0 . 0690 0 . 0 2 4 6  0 . 4 4 8 6  0 . 4 5 7 8  
hE3 - . 2 6 85 - . 2 1 74 - . 6946  0 . 5 702 0 .  0710 0 . 0 5 1 8  0 . 54 6 2  0 . 3310 
hE l. -- . 105 7  - . 0 9 9 2  - . 8554  0 . 4 2 l� 7  0 � 0174  0 . 009 2 0 . 7 8 2 0  0 . 19 14 <f> 3E 2  - . 5509 - . 339 3 -: . 3266 0 . 654 7 0 . 32 4 4 0 . 1801 0 . 1 4 4 3  o .  35 12 cp 2B 2  - . 0835  - • 5 9  39 0 . 9 3 1 3  o .  007 7  0 . 2 5 2 1  0 . 7 4 0 3  cp 1E 1 0 . 1865  0 . 6 35 9  0 . 15 5 8 0 . 51.48  0 . 0836 0 . 5 2 5 0  0 . 0 3 0 7  0 . 360 7  cp 1 E 2  0 . 4 2 6 3  0 . 162 1 0 . 1 5 5 1  0 . 75 58 0 . 2. 6 7 8 0 . 0 5 3 8  0 . 04 34 0 . 6351 cp 2A 1  - . 14 89 0 . 3559  - . 2 5 5 2  0 . 8111  0 . 0351 0 . 1980 0 . 0445  o .  7224  cp 1E 3 0 . 5 0 4 6  0 . 1� 7 14 - . 04 37 0 . 3642 0 . 4 104 0 .  3 7 7 6  0 . 004 2 0 . 2 0 7 8  
<f> 1 B2 0 . 1 1 7 0  o .  7 7 5 0  0 . 42 7 4 0 . 046 8 0 . 6 9 3 8  0 . 2 5 9 3 
cp 1A 1  0 . 2 0 5 9  0 . 1129 0 . 85 8.7 0 . 15 18 0 . 1 0 2 5  0 . 0 3 2 1 0 . 8 2 4 5  0 . 040 8 
6 = 47 ° 2 
M. O . C 1  C 2  C 3 c ,.  P 1  P 2  p 3  p 4  
<f> ,E :s - . 2 60 1  - . 1508 0 . 7 4 2 1  . 0 . 7861 0 . 0521  0 . 0200  0 . 4 6 3 7  0 . 4642  
cp 3E 3 - . 2 7 9 6  - . 2 3 79 - . 6842 0 . 5 7 58 Q . 0 7 6 6  0 .  062  3 0 . 5 2 5 0  0 . 3360 
¢ 3E 1 - . 0 8 82 - . 0 6 9 0  - . 8 7 0 7  0 . 4168  0 . 0 1 2 2  0 . 004 3 0 . 7 9 8 5  0 . 1 849 
<f> 2B 2  - . 0 822 - . 6060 0 . 9 2 5 3  0 . 0069 0 . 2 65 5  0 . 7 2 7 6  
cp 3E 2  - . 5 2 10 - . 3516 - . 309 7 0 . 69 59 o . � 875 0 . 1 8 6 4  0 . 12 6 5  0 . 39 9 6  
cp 1E 1 0 . 1 8 7 3  0 . 6518  0 . 1 6 5 8  0 . 49 4 0 0 . 0 8 4 9  0 . 5 4 3 5  0 . 0 3 54 0 . 3 36 2  
cp 1E 2  0 . 4440  0 . 1864  0 . 1709 0 .  7202 0 . 2 9 1 7 0 .  0 69 3 0 . 0 5 2 0  0 . 5870  ¢> 2A 1 - . 1262  0 . 38 1 3  - . 2 1 36 0 . 8000 0 . 0 2 52 0 . 2 6 6 3  0 . 0 316  o .  7169  
4> 1E � 0 . 5 101 0 . 4 7 1 7  - . 0 7 2  7 o .  35 59 0 . 4 16 1  0 . 3 7 5 6  0 . 0103 0 . 19 8 1  ¢> 1B 2  0 . 12 7 7  0 . 76 2 7 0 . 4 385 0 . 052 4 0 . 6 7 6 7  0 . 2 709 
¢> 1A 1  0 . 2 1 78 0 . 09 6 4 - . 86 7 5  0 . 1280 0 . 1 12 3  0 . 02 2 8  0 . 8 3 60 0 . 02 89 
e = 49 ° 
M. O . C 1  C 2  C 3 C i. P i  P 2 p 3 p4  
cp 5E 3 - . 2 1 6 1  - . 12 8 7 0 . 75 7 6 o .  7741 0 . 0 3 64 0 . 0 1 4 8  0 . 4 9 04 0 . 4584  
¢>2B2  - . 0 815  - . 6 2 04 0 . 9 1 8 7  0 . 00 6 3  Q . 2 808  0 . 7 12 8  
� 3E 3 - .  2 9 39 - . 2 6 1 3 - . 6 6 2 8  0 . 5900 0 . 0846  0 . 0 7 5 7  0 . 4 8 9 3  0 . 350 5 
<f> 3E i - . 0 69 9  - . 0 3 39 - . 886 2 o . 4069 o .  00 7 7  0 . 00 10 0 . 8 1 5 0  0 . 1 7 6 2  < bE 2  - . 4 9 69 - . 36L� 7  - . 2 8 7 6  o . 7 308 0 . 2 5 89 0 . 19 3 3  0 . 1 0 60 0 . 4 4 1 7  ¢> E 0 . 4 5 4 4  0 . 2 09 4 0 . 1850  0 . 6881 Q . 30 85 0 . 0 8 5 5  0 . 0601  0 . 5459  1 2 <f> 1E 1 0 . 1887  0 . 6 6 5 5  0 . 1785  o . 4 7 2 7  0 . 0 8 6 3  0 . 5 59 7 0 . 0419  0 . 3 1 2 1  
hA1 - . 099 5 0 . 4007  - . ! 6 36 0 . 7935 · 0 . 0155 0 . 2 4 9 6  0 . 0 1 8 6  o .  7 1 6 3  
cf>.l.E 3 0 . 5 13 7  0 . 4 6 9 9  - . 10 30 0 . 3500 0 . 4 19 3 0 . 3 7 09 0 . 0 19 5  0 . 1904 
4> 1 B2 0 . 14 0 3 0 . 7 4 82 o . 4 505 0 . 05 9 1 0 . 6 5 7 0 0 . 2 8 40 
<f> 1A 1 0 . 2 30 6  0 . 0 7 4 5 0 . 8 7 5 1 0 . 09 88 o . 1 2 2 8  0 . 0 1 34 0 . 8 4 6 5  0 . 0173  
13 6  
Tab le 5 5 . c on t inued 
=== 
e ;:;: 51 ° 
M . O .  C 1 C 2 C 3 C4 P i  P 2 p 3 p 4 
<t> 5 E 3 - . 1 6 7 9  - . 1006 0 . 7 8 2 1  0 . 7 5 3 7  0 . 02 2 2 0 . 00 9 1 0 . 5 2 8 8  0 . 4 39 9  4> 2 B 2  - . 0 806 - . 6 3 79  0 . 9 10 8  0 . 00 5 7  0 . 2 9 9 5  0 . 6 9 4 8  
cti 3E 3 - . 3 102 - . 2 8 5 4  - . 62 8 7  0 . 6 1 3 6  0 . 09 42 0 . 09 1 1  0 . 4 384 0 . 3 7 6 4  
<t> 3E 2 - . 4 802 - . 3 7 8 7  - . 2 5 5 3  0 . 7 6 1 1 O s 2 389 0 . 2 0 10 0 . 0 8 1 1  0 . 4 79 0  
hE 1 - . 04 9 7  0 . 0051 - . 9 0 30 o .  3916 0 . 0040 0 . 0000 0 . 8 3 3 0  0 . 16 30 
<t> 1E 2 0 . 4 6 0 5  0 . 2 3 11 0 . 19 72 0 � 65 8 3  0 . 320 3 0 . 1 0 2 2  0 . 0 6 7 8  o .  509 7 
<t> 1 E 1  0 . 1 8 6 8  o .  6 7 7 8 0 . 19 2 5  0 . 4 5 2 5  0 . 085 5 0 . 5 74 5  0 . 049 6  0 . 2 9 0 3  
<t> 2A 1 - . 0 6 8 7  . o .  4 1 54 - . 1108 0 . 7894 0 . 0074  0 . 2 6 7 3  0 . 0 0 8 5  0 . 7168  
cp 1E 3 0 . 5 1 6 8  0 . 4 6 55  - . 1 344 0 . 3 4 5 2  0 . 4 2 1 5  0 . 3629  0 . 0 3 19  0 . 1 8 3 7  
<t> 1 B 2  0 . 15 1 7  0 . 7 318 0 . 4 6 4 5  0 . 0 6 5 2 0 . 6 34 9  0 . 2 9 9 9  
¢ iA 1 0 . 2 389 0 . 0 5 00 0 . 8818  0 . 0 6 74 0 . 1 301 0 . 0060  0 . 8 5 5 8  0 . 008 1 
e = 5 3 °  
M. O .  C i  C 2 C 3 C 4 P i  P 2 p 3 p 4 
<t> !5E 3 - . 1 14 7  - . 0 6 7 0 0 . 8132 o .  7 2 5 5  0 . 0104 0 . 00 41 0 . 5 7 58 0 . 409 6 
<f> 2 B 2  - . 080 3 - . 6 5 8 4  0 . 9 0 1 7  0 . 00 5 3 0 .  32 14 0 . 6 7 3 3 4> 3E 3  - . 32 74 - � 309 7 - . 5 819 0 . 6 4 34 0 . 1 0 5 3  0 . 1 0 8 5  0 . 3 7 5 0  o . 4112 
<t> 3E 2 - . 4 7 2 8  - . 39 6 1  - . 209 0  0 . 7 8 4 1  0 . 2 2 8 7  0 . 2 1 2 2  0 . 0 5 2 7 0 . 5 0 65 
<j> 3E 1 - . 0 2 8 2  0 . 0491  - . 9 2 0 8  0 . 36 86 0 . 0014 0 . 00 2 2  0 . 8 5 2 5  0 . 1 4 3 9  
4> 2A 1 - . 0 3 5 6  0 . 4 34 5  - . 05 64 o . 7885  0 . 0020 0 . 2 7 6 9  0 . 0 0 2 2  0 . 7 189 
¢i 1 E2  0 . 4604 0 . 2 5 0 5  0 . 2 0 7 9  0 . 6 3 36 0 . 32 5 1 0 . 1 18 3  0 . 0 7 4 8  0 . 4 8 1 8  
4> 1 E i 0 . 1 8 2 5 0 . 6 8 8 7 0 . 2 0 69 0 . 4 3 35 0 . 08 3 1  0 .  5877 0 . 0 5 8 3  0 . 2 709  
<f> 1 E s 0 . 5 1 79 Q . 4 5 85 - . 1 6 74 0 . 34 31 0 .  42 10 0 . 3 5 1 6  0 . 0 4 8 2  0 . 1 7 9 2  
<f> 1 B 2 0 . 1 6 2 2  o .  7 1 31 0 . 4 80 7  Q . 0 7 10 0 . 6 1 0 1  0 . 3 1 9 0  
<j> 1 A 1 0 . 2 4 30 0 . 02 3 8  Q . 886 8 0 . 0 34 8  0 . 1 339 0 . 00 1 4 0 . 8 6 2 5  0 . 002 2 
e = s s 0 
M. O . · C 1 C 2 C 3 C 4 P 1 P 2 p 3 p 4  
hE 2 0 . 2 8 19 0 . 1840  - . 9 79 6  0 . 10 5 3 0 . 0649 0 . 0 3 6 3  0 . 89 11  0 . 00 7 7 · 
<1>2B 2 - . 0 82 1  - . 6 8 1 7. o .  89 10 . 0 . 0054 Q . 34 6 9  o .  6 4 7 7  
<j> 3E 3 - . 346 8 - . 3 4 0 3  - . 5 2 2 8  0 . 6 704 0 . 1208 0 . 1 3 3 6  0 . 302 4  0 . 4 4 32 
<f> 3E 2 - . 4 7 6 3  - . 4 2 4 8  - . 1498 o . 7 8 81 0 . 2 322  0 . 2 35 9  0 . 0 2 6 3  0 . 5 0 5 6  
<j> 3E 1 - . 0 0 5 6  0 . 09 85 - . 9 39 3 0 . 3346  0 . 000 1 0 . 0 0 8 6  0 . 8 7 3 2 0 . 1 1 8 1  
<j> 2A 1 - . 00 2 3  0 . 4 12 7  - . 00 36  0 .  7 9 89 0 . 0000 0 . 2 6 6 0  0 . 0 0 00 0 . 7 34 0  
<j> 1 E 2 0 . 4 4 2 3 0 . 2 65 4  0 . 2 19 6  0 . 6 2 59 0 . 3101 0 . 1 310 0 . 0 8 2 6 0 . 4 764 ct>iE 3 0 . 5 0 7 1  0 . 4 500 - . 2 0 79 o . 352 5 o . 4 0 62 0 . 3 3 7 0  0 . 0 72 2  0 . 1 84 6  
<j> 1 E 1  0 . 1 7 3 2  0 . 6 9 9 5 0 . 2 2 10 o . 4 16 8  0 . 0771 0 . 6009  0 . 0 6 74 0 . 2 54 6  <j> 1 B 2 0 . 16 89 0 . 6 9 2 9  0 . 5 004 0 . 0 7 0 1  0 . 5 8 3 4  0 . 342 5  cJ>iA 1 0 .  2 389 - . 0019 o . 8 9 2 1  0 . 00 3 3  o . 1 306 0 . 0 0 0 0  0 . 8 6 9 3 0 . 0000 
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Tab le 55 . continued 
== 
8 � 5 7 °  
M . O .  C 1  C 2  C 3 C 4 P 1  P .i  p 3 p 4 
� 5 E 2  0 . 2 09 8 0 . 1444 - . 9 8 89 0 . 2168  0 . 036 5 0 . 02 2 3  0 . 909 1 0 . 0321 
� 2 B 2  - . 0859  - . 7069 0 .  8 79 3 0 . 0057  0 . 3 7 5 5  0 . 618 8  
<P 3E 2  - .  4 8 7 6  - .  4 4  7 7  - . 040 7 0 . 7882 0 . 2400 0 . 2 5 4 1  0 . 0019  0 . 5040 
� 3E 3  - .  3601• - .  3571  � . 4 5 8 8  0 . 7 0 1 1  0 . 1 315 0 . 1 5 0 1  0 . 2 342 0 . 4 8 4 2  
� 3E 1  0 . 0169 0 . 1545 - . 9 5 69 ' 0 . 2 8 7 3  0 . 000 3 0 . 0 2 0 5  0 . 8 9 2 7  0 . 08 65 
<P 2A 1  0 . 0294  0 . 4 149 0 . 04 4 7 0 . 79 88 0 . 0013 0 . 2 6 5 5  0 . 0014 0 . 7 3 1 7  
<P 1 B 2  0 . 1 790 0 . 66 79 0 . 5 2 1 0  0 . 0798  0 . 5 5 16 0 . 3686  
<P 1 E 3  0 . 5 0 7 1  0 . 4 3 5 3  - . 2 4 30 o .  35 32 0 . 4032 0 . 3 1 6 8  0 . 09 7 3 0 . 1 8 2 8  
� 1 E 2  0 . 4 3 8 8  0 . 2 8 15 0 . 2 2 7 7  0 . 6044 0 . 3101 0 . 1 4 6 2  0 . 0890 0 . 4 5 4 7  
<P 1 E i 0 . 1 669 0 . 7074 0 . 2 32 6  0 . 3999 0 . 0 7 34 0 . 6 1 0 8  0 . 0 7 6 1  0 . 2 39 7  
� 1 A 1  - . 2 3 7 0  0 . 02 4 7  - . 89 1 4 0 . 0 2 50 0 . 12 9 0  0 . 0 0 1 5  0 . 8 6 8 5  0 . 00 1 1  
e = 59 ° 
M. O.  c_ 1 C 2  C s C_t.e P 1 P 2  P s  P '+  
< h E 2  0 . 1 19 7 0 . 0 79 6  - . 9 840 · o .  3605 o.  0119 0 . 0 0 6 8  0 . 89 2 7  0 . 0886 
<P 1 B i  1 . 0000 1 . 0000 
hE 2 - . 5008 - . 4 6 68 0 . 106 7 o . 7 5 7 9  0 . 2 510 0 . 2 69 7  0 . 0 1 2 6  0 . 4 668 
¢ 3E 3 - . 3 720  - . 3691  - . 39 5 5  0 . 7 2 4 7 0 . 14 1 7  0 . 1 6 4 4  0 . 1 7 5 7  0 . 5 1 8 3  <P 3E i 0 . 0 39 3  0 . 2 152 - . 9 7 0 9  0 . 2240 0 . 00 1 8 0 . 0 38 7  0 . 9 0 74 0 . 052 1 
< hA 1  0 . 0594  0 . 4 159 0 . 0 8 7 0  o .  79 8 6  Q . 00 5 3  0 . 2 62 2  0 . 00 5 1  0 . 7 2 7 3  
<P 1B 2  0 . 1890 0 . 6 390 0 . 544 0 0 . 0 8 5 6  0 . 5 159 0 .  39 8 5  
� 1 E 3 0 . 50 6 3  0 . 4 1 6 3  - . 2 7 8 3 Q . 3560 0 . 39 86 0 . 2 9 2 2  0 . 1262  0 . 1 8 30 4> 1E 2 0 . 4 339 0 . 29 5 5  0 . 2 34 0 Q . 585 3 0 . 3081 0 . 1 6 04 0 . 09 4 5  0 . 4 3 7 0  
hE 1 0 . 1 60 3 0 . 7 1 4 4  0 . 2 4 11 0 . 384 3  0 . 0 69 5 0 . 6 1 9 9  0 . 0835  0 . 2 2 71 
¢ 1A 1  - . 2 3 30 0 . 04 5 1  - . 8 8 8 9  Q . 04 88 0 . 12 55 0 . 0051 0 . 8 6 5 1  0 . 004 2  
e = 6 1 ° 
M. O .  . C 1  C 2  C 3  C 4 P i  P 2  p 3 p 4  
� E 2 0 . 02 2 7  0 . 00 5 1  - . 9 5 6 2  . o .  5085 0 . 0004 0 . 0000 0 . 8246  0 . 1749 cp�B i 1 .  0000 1 . 0000 4J 3E 2  - . 504 8 - . 4 7 3 8 o .  2 62 3 0 . 69 4 1 Q . 2 549 0 . 2 7 36 0 . 0 7 56 0 .  39 59 ¢ 3E 1 0 . 0604  0 . 2 7 7 6  - . 9 7 7 3  0 . 14 6 3 0 . 0045 0 . 0 6 2 6  0 . 9 1 1 1  0 . 02 1 7  
hE 3 - . 38 39 - .  3 7 79 - . 3358 0 .  7 39 3 0 . 15 30 0 . 1 7 7 7  0 . 1282  0 . 541 1  �2A 1  0 . 08 7 5  0 . 4 1 60 0 . 12 2 3  o .  79 88 0 . 0 1 1 3  0 . 2 5 69 0 . 009 7 o .  7 2 2 1  hB 2 0 . 19 8 3  0 . 6060 0 . 5 69 9 ' o .  0 9 10 0 . 4 76 2  0 . 4 32 8  ¢ iE s  0 . 50 3 1 0 . 39 29  - . 314 3 o .  362 3 o . 3 905 0 . 2 6 34 0 . 159 3 0 . 1868 4> i E 2  0 . 42 7 3 0 . 30 74 0 . 2 38 7  0 . 5 6 89 0 . 30 38 0 . 1 7 32 0 . 09 9 3  0 . 4 2 3 7  4> 1E 1  0 .  l5 3L• o .  72 10 0 .  2 4 5 8  . o . 36 9 8  0 . 06 5 5  0 . 6 2 9 0  0 . 0 8 89 0 . 2 16 6  ¢ 1A 1  - . 22 73  0 . 062 7 - . 885 6 o .  06 72 0 . 1 2 0 7  0 . 0 1 00 0 . 8 609 0 . 00 8 3  
1 3 8  
Tab le 5 5 .  con t inued 
e t:: 63° 2 M. O .  C 1  C 2 C 3 C 4 P 1  P 2 p 3  p ,. 
hE 1 - . 04 7 3  - .  5 7 18 - . 1119 O e 9 6 6 1  0 . 0011 0 . 2 0 8 7  0 . 0 0 8 7 0 . 7 8 15 
<f> i B 1 1 . 0000 1 ,, 0000 qi 3E 2 - . 49 7 4 - . 4 6 50 0 . 3 86 6  0 . 6216 0 . 2 4 8 5  0 . 2 6 19 0 . 164 7 0 . 3 2 4 9  
¢ 3 E 1 0 . 0 7 8 7  0 . 3360 - . 9 7 32 0 . 060 3 0 . 0 0 7 8  0 . 0 8 9 3 0 . 8 9 9 6  0 . 00 3 3  
¢ 3 E 3 - . 39 6 5  - . 3815 - . 2 82 6  0 . 7Li69 0 .. 16 51  0 . 18 7 5 0 . 09 2 2  0 . 5 5 5 1  
4> 2A 1  0 . 1 14. 1  0 . 42 13 0 . 1514 0 . 7956  0 . 0189 0 . 2 5 5 6  0 . 0 1 4 3 0 . 7 1 12 cp 1 B 2 0 . 2 06 6  0 . 5 6 8 3  0 . 5 9 89 0 . 09 62 0 . 4 32 1  0 . 5 9 89 <P 1 E 3 0 . 5 009 0 . 3 6 5 2  - . 34 82 0 .  369 2 0 . 3 8 30 0 . 2 3 1 4  0 . 1940 0 . 19 1 5  <f> 1 E 2  0 . 42 3 7 0 . 31 79  Q . 2 40 1  0 . 5 5 18 0 . 3022 0 . 18 5 7 0 . 102 1 0 . 4 100 cf> 1 E 1 0 . 1 4 69 0 . · 72 7 8  0 . 2 4 6 1  0 . 3562 0 . 0619 0 . 6 38 6 0 . 0 9 1 8  0 .  2 0 7 7  cp 1 A 1 - . 2 2 09 0 . 0 7 89 - . 8 818 0 . 0805 0 . 1154 0 . 0 1 5 8  0 . 8 5 6 4  0 . 0 1 2 4  
e = 6 5 ° 2 M. O .  C i. C 2 C 3 c ,.  P i P 2 p 3 p ,.  
¢ 5E 1 - . 0 12 8  - . 5 4 2 3 - . 2192 ·o . 9 7 38 - . 0002 0 . 1 7 9 2  0 . 0 3 3 3  0 . 7 87 7  
¢ i B 1 1 . 0000 1 . 0000 ¢ 3E 2 - . 4 858 - . 4 5 0 5  0 . 4 6 85 0 . 5 5 9 2  0 . 2 39 2  0 . 2 45 5  Q . 2 442 o .  2 7 12 
<f> 3E 1 - . 09 32 - • 38l+ 3  0 . 9 5 8 7  0 . 02 4 7  0 . 0109 0 . 1 1 3 7  0 . 8 7 4 5  0 . 00 10 
<f> 3 E s - . 4 12 5  - . 3830 - . 2 32 0  0 . 74 79 0 . 1 8 09 0 . 1 9 6 5  0 . 0 6 34 0 . 55 9 2  
¢ 2A 1  Q . 1401 0 . 429 5  0 . 1 7 2 4  o . 790 7 0 . 02 79 0 . 35 6 7 0 . 0 1 7 7  0 .  69 7 7  
<f> 1 B 2  0 . 2 14 8  0 . 5 2 54 0 . 6 309 0 . 1012 0 . 3838  0 . 5 15 0  
¢ 1 E s  0 . 4 9 5 6  0 . 3 3 32 - . 3819 Q . 3798 o.  3 714 0 . 1 9 6 8  0 . 2 31 3  0 . 2 00 5  
<f> 1 E 2  0 . 4201  0 . 3 2 6 8  o .  2 39 4  o . 5 365 0 . 300 1 0 . 1 9 7 2  0 . 1 0 3 6  0 . 3 9 9 2 
¢ 1 E 1  0 . 11�2 0  0 . 7 349 0 . 2 4 18 o .  34 30 0 . 0592 0 . 6 4 9 1  0 . 09 18 0 . 1 9 9 9 
<j> 1A1 - . 2 15 5 0 . 09 2 6  - . 8 7 7 7  0 . 0880 0 . 1 1 1 0  Q . 0 2 1 8 0 . 8 5 1 8  0 . 0 1 5 4  
-- -
e = 6 7 ° 1  
M . O . . c 1 C 2 C 3 C 4 P i P 2  p 3 p 4 
cf> 3A 1 - . 3 34 6  - . 9 2 36 0 . 02 10 0 . 5049 0 . 109 7  o . 7461  0 . 0 00 5 0 . 1 4 3 8  
¢ 1 B 1  1 . 0000 1 . 0000 <b E 2 - . 4 6 09 - . 5 3 5 7  0 . 5145 0 . 3 8 6 5  o . 2 5 2 5  0 . 34 7 3 0 . 2 7 8 5  0 . 1217  , 3 
� 3E 1  - . 0 8 4 3 - • 4 3 89 0 . 9 3 36 Q . 09 38 Q . 009 8 0 . 1442 0 . 8 348  0 . 0 11 3 
<j> 3E 3 - . 4 5 5 2  - . 4 8 80 - .  0115 - . 6 6 02 Q . 2 6 18 0 . 3 2 9 5  0 . 0 0 0 1  0 . 4086 
� 2 A 1 0 . 09 9 2  0 . 2 7 89 0 . 19 3 6  0 . 8900 Q . 0160 0 . 12 7 6  0 . 02 0 3  0 . 8 36 2  
¢ 1  B 2  0 . 1 5 8 8  o.  49 36 0 . 69 5 2 0 . 0 5 9 7 0 . 34 6 0 0 . 5 9 4 3  
¢ 1 
E 3 0 . 309 0 0 .  2 39 6  - . 4869 0 . 54 38 Q . 1 749 0 . 1 0 14 0 . 34 79 0 . 3 7 5 7  
¢ 1 E 2  0 . 2 7 7 7  0 . 3 1 36 0 . 29 8 1 Q . 6162 0 . 1 6 75 0 . 1 7 5 8  0 . 1 5 14 0 . 5 0 5 3  
� i E 1 0 . 0 9 52 0 . 7 5 6 4  0 . 2446 0 . 3 39 5  0 . 0 316 0 . 6 7 4 2  0 . 09 5 5  0 . 19 8 7  
¢ 1A 1 - . 12"7 6 0 . 0 6 0 2  - . 9 2 6 6  0 . 0958  Q . 0544 0 . 0142 0 . 9 1 34 0 . 01 8 0  :&Z- .. -
1 39 
Tab le 55 . con tinued 
e =- 67 ° 2 
M. O. C 1 C 2 C 3  C 4  P i  P 2 p 3  p 4 
qi 5E 1 0 . 0 3 9 7  - . 5 2 2 4  - . 3 1 30 0 .  9 725  0 . 0027  0 . 1 5 6 6  0 . 06 6 3  o .  7 744 
4> 1 B 1 1 . 0000 1 . 0000 <t> 3E 1 - . 1 0 1 6  - . 4204  0 . 9 3 7 3  0 . 09 9 8 0 . 0 129 0 . 1 3 2 5  0 . 8 4 2 1  0 . 0 1 2 5  
qi 3E 2 - . 4 7 4 6  - . 4 34 0  0 . 5202 0 . 5128  0 . 2 305 0 0 2 2 8 1  0 . 3 0 5 0  0 . 2 3 6 4  
qi 3E 3 - . 4 3 14 - . 3 8 1 3  � . 1826 0 . 7448 O s 2 001 0 . 2 0 3 2  0 . 0 4 02 0 . 5 5 6 5  
qi 2A 1 0 . 16 36 0 . 4 4 36 0 . 19 0 8  o .. 7'822 0 . 0374 0 . 2 6 2 9 0 . 0 2 0 8  0 . 6 789 
ct i B 2 0 . 2 1 6 6  0 . 4 7 86 0 . 6 6 79 0 . 102 1 0 . 3 3 2 9  0 . 5 6 50 
<f> 1E 
3 
0 . 4 8 80 0 . 29 7 6 - . 4 1 4 5  0 . 39 31 0 . 3 .567  0 . 1 6 11 0 . 2 6 9 5  0 . 2 12 7  
hE 2 0 . 4 1 8 1  0 . 3 34 9  0 . 2 3 6 1  0 . 5 2 2 0  0 . 299 3 0 . 2 08 3  0 . 1 0 3 2  0 . 3 8 9 3 
<t>i E 1 0 . 1 34 7  o .  74 39 o .  2 3 39 0 . 3306 0 . 0554 0 . 6 6 2 2  0 . 0 8 9 3 0 . 19 31 
qi 1A 1  - . 2 0 5 6  0 . 1060 - . 8 7 6 1  0 . 09 1 8  0 . 1036  0 . 02 84 0 . 8 5 05 0 . 01 7 5  
a = 69 ° 2 
M. O .  C 1 C 2 C 3 C 4  P 1 P 2 p 3 P t.  
¢ ,E �· 
. .  
0 . 1 3 16 - . 5 2 19 - . 3860 0 . 9 5 7 3 · a .  0 2 0 1  0 . - 1 4 4 8  0 . 09 75 o .  7 3 7 1 · 
<f> 1 B 1 1 .  0000 1 . 0000 <f> 3E i - . 1 0 6 5 - . 4 4 2 7 0 . 9 1 38 0 . 1 6 19 0 . 0141 0 . 1428  Q . 8107 0 .  0 32 1+ ¢ 3E 2 - . 4 6 5 5 - . 4 2 34 Q . j 5 3 3  o . 4 728 0 . 2 2 5 7  o .  2 1 7 7  0 .  J4 39 c .  2 0 7 7  
<f> 3E 3 - . 4 562 - . 382 0 - . 12 10 0 . 7 348 0 . 22 82 0 . 2 1. 3 5  0 . 0 1 84 0 . 5 39 9 <f> 2 A 1 0 . 1 8 80 0 . 4 54 8 0 . 19 7 3  0 .  7 7  59 0 . 0479  0 . 2 6 7 1  0 . 0 2 09 0 . 6 6 4 2  
h B 2 0 . 2 1 6 3 o .  4 2 7 1  0 . 709 2 0 . 1012 0 . 6 19 2 0 . 2 7 9 6  
<f> i 
E 3 0 . 4 6 5 7  0 . 2 5 6 2  - . 45 1 3 Q . 4 188 0 . 32 55 0 . 122 7 0 . 3 1 38 0 . 2 380 
<f> 1 E 2 0 . 40 8 8  0 . 34 1 5  0 . 2 34 3 0 . 5 1 4 6  0 . 2 9 10 0 . 2 17 7  0 . 10 38 0 . 3 8 7 6  
¢ i E 1  0 . 1 2 9 5 o .  7 5 39 0 . 2 2 18 0 . 3179 0 . 0 5 2 5 0 . 6 7 7 1 0 . 0 8 39 0 . 1 8 6 4  
h A 1 - . 19 9 7  0 . 1 1 30 - . 8 7 5 5  0 . 0899 0 . 0 9 8 8  0 . 0 32 9  Q . 8 5 0 6  0 . 0 1 7 7  
The 18 elect ron sys tems show a s t eady dec r eas e in t o tal b ond ing 
elect ron ene rgy as the an t ip rism is flat t ened t o e = 6 5 ° . The gap t o  
highes t uno ccup ied level , however , shows a maximum a t  e = 5 9 ° 1 6 ' ,  de­
creas in g as e b ecomes larger or smaller . Total b ondin g elect ron 
140 
energies o f  the an t ip rism s t ruc t ures for the 18 e l e c t ro n  b as is s et are 
in the s ame ran ge as tho s e  in the dodecahed ral calcula t i on ;  i . e . , for 
8 = 5 9 ° 1 6 ' , t o t al ene r gy = -2 70 . 35 eV , whe reas the h . s . m . dodec ahedron 
has a cal cula ted t o t al ene rgy o f  -2 7 0 0 5 8 eV . An t ip r i s m  s t ruct ures show 
an in crease in Mo Ss p opulation and a decreas e in Mo S p  p op ulat ion as e 
in creas es . 
A no t eab le feature o f  th is calculat ion i s  the d emons trat i on o f  how 
the d o rb i t als en ter in to the bondin g .  From Tab le 4 8 , i t  c an b e  s een 
that the Mo 4 d3z 2- r 2 orb i tal part icipates primarily in b onding wi th 
li gand �* o rb i t a ls . The � 1 A 1 orb i t al , whi ch has mos tly Mo Ss an d l igand 
cr pop ula t ion ,  has lit t le d p o p ula tion . The � 2A 1 l eve l , on the o ther 
hand , is p r imari ly 4d and l igand � * , having lit tle Ss  and l igan d  a .  
One can see that this e ffect decreases s l ight ly ( the o rb i t als mix more) 
as e inc reas es . The o rb i tal compos itions also demon s t r a te that dx 2-y 2 
and d b ecome mo re e f f i cien t at b ondin g ,  whereas dyz and dz x b ecome xy . 
les s e f f icient , as the antiprism is fla t tened . Thi s  las t e f fe c t  i s  
reflected i n  the ene rgy leve ls o f  Tab le 4 7 :  the E 2 l evel whi ch emp loys 
p rimar i ly Mo 4 d  or 4 d o rb i tals decreases as e inc reas es
; the 
x 2 -y 2 xy . 
oppos it e  e ffec t  is ob s e rved with E 3 levels con taini
ng mos t ly Mo 4 dyz o r  
Th 3 4  1 1 lat ]_· ons in which elec t r
ons wer e  p l aced in the 
e e e c t ron ca cu 
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17 lowes t  orbitals have a degenerate E level as highes t  bonding level , 
ind icatin g that for the specific approximations employed , a d i s tortion 
of this geome t ry is necessary in order to ob tain a s tab le configuration . 
Calculated total b onding e lectron ener gies are lowest  for small  0 
values . The h . s . m . an t ip rism has to tal b onding en ergy equal t o  -49 1 . 68 
eV ,  compared w i th -492 . 50 eV for the h. s . m. dodecah_edron employ ing the 
same b as is set . 
The ef fect on the ene r gy levels of vary in g an gle 8 ,  may be p rimarily 
accounted f or by e xaminin g the b ehavior o f  the 4 d 3 z 2-r 2 o rb it a l  in the 
A1 represen tati on . Th is o rb i tal , shown in Figure 8 ,  has a nodal cone 
at arcs in /2 / 3 � 54 ° 4 4 ' .  As an t iprism angle 8 dec reas es o r  in creas es 
Figure 8 .  t .  o f  elect ron dens i ty in a d3z 2 -r 2 Rep re sen ta ion 
o rb i t al 
f rom this value , b on din g e ffects involving the d3 z 2-r 2 
o rb i tal be come 
appre ciable . Values o f  a near 4 5 ° als o co rres p on d  t o  the ang le o f  maxi-
h values of  e � 6 3° . h 4 dy z and 4 dz x orb it als ; w ereas mum ove rlap w ith t e 
· in dxy and dx2 -y 2 b ori d ing . corres p on d  t o  increas ed e f f i ci ency Thes e  
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effects can be s een in Tab les 54 and 5 5 ,  by examining the b ehavior of  
the leve ls with high d orb ital content . 
Res ul_ts from minimi zing repuls ion te rms in l igand field calc ulat ions · 
ori D4 d s truc tures show the mos t favored an t iprism angles to b e  a = 55 . 9 ° 
for the Coulomb term,  e = 5 7  . 13° for the Born t erm o f  exponen t 6 ,  and 
e = 5 7 . 9 3° for the t erm with Born exponent 12 . 6 These values may be  
compared with valence b ond calculat ion res ults in  which the greates t 
b ond s t ren gths we re calculated at an tiprism angle e = 5 7 ° 35 '  for d 4s p 3 
hyb ridi zation , an d  e = 60 ° 54 '  for d5-nsnp 3 hyb r idiz ation . i i Obs erved 
geometries in comp lexes that ass ume the ant iprism con f iguration have 
values o f  e from 5 7 ° to 59 ° , with e =  54°  in chain s t ructures . i ' 6 9 
A S . C . C . C . M . O .  calculation on rMo ( CN) s] 3- and (Mo ( CN) a] 4- was 
carried out by Go!qb iewski and Kowalski 6 7 as s u�i�g the h . s . m. a..� t iprism 
0 
s t ructure with e = 59 ° 2 6 ' , and r (Mo-C )  = 2 . 159 A.  As s ump tions made in 
the calculat ion are des crib ed in the dodecahedral s e ction on page 108 .  
Res ults were compared w i th d orb i tal s p lit ting obs erved in ligand field 
calculat ions , and the ab sorp t ion spectra o f [Mo ( CN) s ]  3- and t_he (Mo ( CN) 8] 4-
ion of  Cd 2Mo ( CN) 8 (N 2H4 ) 2 were d is cussed . Although .a  complet e ly s trict 
comparis on o f  resul ts canno t be made , it  app ears that the b onding leve ls 
calculated by Gol�b i ewski are somewhat lower in energy than thos e  o f 
the p res en t calculation . The lowes t level ( in the A i representat ion )  
of Gol�b iewski and Kowalski ' s  calculation i s  a t  -15 5 . 38 kK = -19 . 259 eV. 
Res ults from the 34 elec ton bas is set of this calculation have lowes t  
A i level a t  -19 . 041 eV � 
6 9J . L .  Hoard , w. J .  Martin , M.  E .  Smi.th , and J .  F. Whi tney , 
�· Amer .  Chem. S o c . , 7 6 , 382 0 ( 19 5 4 ) . -- -- -- --
1 4 3  
C OMMENTS ON THE CALCULATIONS 
The limitation of ligand orb itals in the b as is s e t  t o  either only 
irb or  TI * o rb itals offers a good s tudy of the specific behavior o f  each 
of these types of orbi tals in Mo-to-CN bonding , s ince one can examine 
separately the d � rr* and the p 7r  � d bonding effects . However ,  a more 
accurate representation of the b ehavior of  the bonding electrons would 
be ob tained by including both rr and rr *  orb itals in the ligand basis set .  
It  should be  pointed out that inclusion of 7lb CN orb i t als  in the Mo-to-
CN bond , mus t be  done at the expense of 1T electrons in the C-to-N bonds . 
In the p resent calculat ion (using the 34 electron basis se t )  no energetic  
correction , corresponding to the destabiliz ation of  the C-N b onds , was 
al lowed for . This could be taken into accoun t  by adding N 2p orb itals 
to the b asis set , or by using CN M . O .  's  to calculate overlap components . 
Addit ional ligand 1T orb it als could be chos en to have the s ame symmetry 
as the 1f orbitals employed here , so that the expressions determined in 
the overlap sections for dodecahedral geome try would app ly to these 
orbit als as we ll .  
For the pres ent calculation the Hii terms were approximated as  the 
negative of the VS IE (for Mo ) and the negative VOIP ( fo r  CN) , corrected 
only for charge of  the atom involved . It  has · been shown 7 0
' 7 1 that 
inclusion of  the Madelung potential , a correction t o  the ionization 
potential o f  an atom A for charge built up around ano ther  atom B ,  offers 
----������� 
7 oE . w .  S tout , Jr . , and P . Polit zer , Theoret . Chim . Acta  ( Berlin ) , 
.!.?_, 379 ( 19 6 8 )  • 
H r William E .  Hat field , and nKlixbilll J,¢'rgensen , Sally M. orne , 
S .  Y . Tyree , Jr . , In t .  J .  Quantum �. , .!_, 19 l ( l 9 6 ] ) . 
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an imp rovemen t in mo le cular pr opert i e s  calculated by the Wo l fsbe rg­
Helmh o l z  S . C . C . C . M. O .  me thod . The e f fect of inc l ud in g th is p o t en t i a l  
is t o  make the VS IE vs . charge curves l es s  s teep � and t o  make the vari­
at i on of ligand VOIP w i th charge s mal l .  7 0  The un c o r re c t ed value s  
emp l oy e d  i n  this calcula t i on show qui t e  a large var i a t ion o f  i on i z a t i on 
po t en t i a l  w i th charge . ( Se e  Tab le s  2 and 3 . ) 
S t o u t  and P o l i t z e r 7 0 als o inves t igated t he d i f feren c e s  o f  car rying 
out a pop ula t i on analys i s  in t e rms of the Mull ikan de f in i t i on 4 4 c om­
p ared w i th us in g  Lowdin ' s 6 8  ortho gonaliz ed orb it a ls . The i r  r es u l t s  f o r  
s mal l mo le c ules , e . g . CO a n d  BF , show that t h e  L�wd in o rb i t als a re 
s omewhat b e t t e r  a t  rep roduc in g  b ond polarit ies , b ut the great es t im­
provemen t in the c a l c u la t i ons came f rom includ in g the Mad e l un g  c o r re c t ion 
in t he Hi i  t e rms . 
For inves t ig a t i on of d i f feren t ge ome t ries o f  a cho s en c ompo und , 
the Mullikan defin i t i ons p e rhaps lend thems elves b e t te r  t o  an int ui t i ve 
ap p roach t o  ch anges in the M . O .  comp os i ti ons . S in c e  a l l  gro up t e rms 
we re e xp anded t o  the a t omi c leve ls and no overlap t erms w e re negle c ted ,  
no ap p r o xima t i ons s p ec i f i cally involving th e geome t ry w e re
 made in the 
p res en t calculat ion . · 
14 5 
D 2  S TRUCTURE S 
I Basis Functions an d  Geometric Expressions 
S tructures having D2 symmetry are a logical cho ice for  an initial 
study of  dis tortions in antiprismic  or dodecahedral configurations , 
s ince these s tructures pos sess the. symmetry o f  a sub group o f  both D 2d 
and 0 4d •  S ince the symmetry o f  the D 2  group is s ufficiently high , 
elements of  the secular det erminants can be set up in the s ame manner . 
as the express ions s et up for the groups D2 d and D4 d • The D2 s tructure , 
shown in Figure 9 ,  represents an intermediate structure b etween the 
antiprism and the .dodecahedron : it  is possible t o  dis tort the anti-
prism into the dodecahedron maintaining s trict D 2 symmetry throughout 
th� dis tortion . T�e rcl�ticnship o f  the irreduc ib le rep res entations 
of all three groups is shown in the following s cheme : 
A1� �A1 
A2 A �A2 
B 1 B 1  B 1 
B 2 
. /. B 2 B2 
E 1  · B 3  E 
E2 
E3 
One Can S ee that the D 4 d  s tructure has  symmetry ( z ) From Figure 9 ,  
axis Of the D 2  sys tem; whereas in the D2d axis corresponding to  the z 
' axis 1· s t � ken into the z axis o f  the D2 struc ture . configuration , a C 2  








D 2 ~ 
D 2 d 
Figure 9 .  The D2 s t ruc ture , an in termediate between the D 4 d ant iprism and the D 2 d dodecahedron ..... +='­(1'.. 
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geomet ries t rans f orm into each other with less ove rall dis tortion . 
This choice o f  axes als o afforded an opportuni ty to s tudy the e ffect of 
· rotation o f  coordina tes , with respect to the center , on the t erms of 
the s e cular determinants and on . calculated roots . The D2 c alculat ions 
were ab le to reproduce results ob tained for both the D 4 d and the D 2 d 
geomet rieE . The D2 sys tem served initially as a check on the accuracy 
of the exp ress i ons in both the D2 d and D4d calculations . Before the 
calculat ions we re t erminated , some s tudies of dis tort ed sys tems were 
initiated . 
Tab le 5 6  is the group tab le for D2 , and Table 5 7  shows the res ul t s  
o f  permut ing met al ,  and ligand cr and � orbitals under the operations 
of 02 • Fi gure 10 shows orien tat ion of the coordinate sys t em with 
re$pe c t  t o  the center and numbering of the 8 ligands . 
Tao le 56 . Character tab le for D2 
D2 E C 2 ( z ) C 2 (y ) C2 ( x) 
A 1 1 1 1 x
2 , y
2 , 
B i 1 1 -1 -1 xy , z 
B 2 1 -1 1 - 1  z x ,  y 





Li gand coordinate sys tems are set up as in 
Fi gure 5 , wi th Zcr i 
pointin g towards the cen ter , and X�i in the plane c
ontainin g the z axis 
and ligand i ,  p oin t ing towards the z axis . This choice of axes coin-
h s basis funct ions for the D 4 d cides wi th . thos e of the orbitals c
 osen a 
s tructures , but does not coincide for the D 2 d 
sys tem. Howeve r , one 
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can set up the t rans for:nation equat ions which relate c o o rdinate axes 
of the two s ys t ems .  I f  the p rimed axes rep resent the D 2 l igand axes , 
an d  unp rimed , the D2 d li gand axes , we have 
Xrr1 
' = cos l3i Xrr i + s in f3i 
Y ni 
' = -s in J3i X rr . l. + cos S i 
z a1 
' = z a1 
Yn i 6 . la 
Y lTi 6 .  lb 
6 . lc 
where 0 � J3i � 2 tr, the angle o f  counterclockwis e r o t at ion ab out + z a . 1 
from unp r imed t o  p rimed axes o Angle ai is related t o  the dode cahedral 
angle �n i d
e f ined in 4 . 5 and 4 . 19 ,  and given in Tab le 10 . F o r  D 2 
li gands 1 ,  3 , 5 ,  and 7 , S i is defined by 
cos S i = - ( 2 + tan 2 6B) -� 
s in l3i = - ( 1  + cos 2 8B )
-� 
and f o r  l ' gands 2 ,  4 ,  6 , an d 8 ,  we have 
-
� cos S i = - ( 2 + tan2 8A) 
z 
6 . 2 a 
6 . 2b 
6 . 3a 
y 
Fi gure 10 . Th D s t ruct ure is des crib ed by c
enter to ver tex 
e 2 1 s e 8 2 , and 8 3 
d is t ance r and three
 ang e ' 1 > 
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6 . 3b 
Thes e relat ionships can b e  f otmd from figures o f  the dodecahedron 
proj ec t ed down the za . axes and from definit i on :4 . 19 1. for the an gle ' 
b etween two p lanes 
Tab le 5 7 .  Permutat ions o f  metal 4d ,  Ss , and Sp orb it als 
a�d l igand a and n orb itals under the operations 
of the D2 group 
orb i t al E C2 ( z ) C2 (y ) C2 (x) orb ital E C 2 ( z ) C 2 (y ) C 2 (x) 
0' 1  0' 1  0' 3  0' 7 0' 5 Tix:s 7Tx5 1Tx 7  1Txs 7Tx 1 
0' 2  0' 2  0' 4  0 6 O a 1TX6 7TX6 7Txs 1Tx2 7Tx4 
0' 3  0' 3  O' 1 O' 5 0' 7 7Tx1 7Tx7 1Txs 1Tx 1  1Txs 
0' 4 a 4 O' 2 O' 8 O' 6 1Txe 1Txe 1TX6  1Tx4 1Tx2 
0 5  05  O' 7 O' 3 0' 1  1Ty 1  1Ty 1 'TTy s 7Ty 7 7Tys 
o ,  0 6 O' 8 0 2 0 4 1Ty2 rry 2 7Ty4 1Ty 6 '!ry e 
0 7 0 7  er s O' 1 er ,  1Ty 3 TTy 3 1Ty 1 1Ty s  7Ty 7 
er a O a er 6 0 4 0 2 1Ty4 TTy 4 7Ty2· 1Ty e 1Ty6 
1TX 1 7Tx 1 1Txs 7Tx 7 7Tx5 1Ty s TTy s 7Ty 7 7Ty 3 1Ty 1 
:rrx2 1Tx2 7Tx 4 1Tx6 7Txs 1Ty6 7Ty 6 1Ty s 1Ty 2 7Ty 4 
7Txs 7Tx s 1Tx 1 1Txs 7Tx7 7Ty 7 7T 7 7Ty s  7Ty 1 'iTy 3 
1Tx4 7Tx4 7Tx2 1Txs 1TX6 7Ty a 7Ty s rry 6 7Ty 4 1Ty 2  
o rb ital E C2 ( z ) C 2 (y ) C 2 (x) 
4 d3z 2-r 2 4d3z 2-r 2 4d3z 2-r 2 4d3z
2-r 2 4d3z 2-r 2 
4dxy 4dxy 4dxy 
-4dxy -4dxy 
4dx 4 dx2 -y 2 4dx2-y 2 4dx2 -y 2 
4dx2 -y 2 
-y 4dyz 4dyz 4dyz -4dyz 
-4 dyz 
4dzx 4dzx -4dzx 
4dzx -4dzx 
Ss Ss Ss Ss S
s 
Spz Spz Spz 
-Sp z - Spz 
S px Spx -5Px -Spx 
5px 
Spy 5Py -Spy 
Spy -Spy 
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The compos ition of  representation r of [Mo ( CN ) 8] 4- for D 2 s truc-
tures in terms o f  the irreducib le repres entations is given by 
6 . 4  
6 . 5a 
r1igand a = 2 A + 2 B 1 + 2 B 2 + 2 B 3 6 . 5b 
6 . 5c 
Here the atomic orbitals are those of the previous s ections . Tab le 58  
lis ts the basis functions for the irreducib le representations o f  D2 • 
The express ions .developed in the D2 d section are applied in set ting 
up elements of the secular determinants for the D2 sys tem. 
Tab le 5 8 .  Symme t ry hyb rid at omi c o rb i tals compos in g  the M . O .  ' s  
o f  t h e  i rr educib le rep res en t a�i ons o f  D 2 
Rep . met a l  o rb i t als l i gand o rb i tals li gand o rb i t als 
Ss 
4d 3z 2 -r 2  ¢ 5 A  = N 2 (cr 2+cr 4+cr 6+cr e )  
4dx2-y 2 
¢ 1 A = N i o ( Ti x2+Tix4+1Tx6+1Txa )  
¢ eA = N 1 1 (Tiy 1+Tiy 3+ny s+iry 7 )  
cp 9A = N 1 2 ( 1Ty 2+Tiy 4+ny6+iry a ) 
5Px 
4 dy z 
N 3 (cr 1+cr 3-cr 5 -cr 7 )  ¢ 5 B 1 
N 4 (cr 2+q 4-cr 6 -cr e )  cp 6 B 1 
cp 7 B 1 
N5 (cr 1 -cr 3-cr s-kr 7 ) cp 5 B 2 
N 6 (cr 2-<1 4+cr 6-cr e )  ¢ 6 B 2 
cp 7 B 2 
cp 8 B 2 
N 7 (cr 1 -cr 3-+a s -cr 7 } <P s B 3  
N 8 (cr 4-cr 2+cr 6-cr a )  cp 6 B 3  
N 1 3 ( Tix 1+Tix3-1Txs - nx7 )  
N 1 4 (Ti x2+Tix4-nx6-"xa ) 
N 1 5 ( Tiy 1+Tiy 3-ny s-ny 7 )  
N i 7 (-Ti x 1+Tix3+1Txs -Ti x7 ) 
N i s (-7T x2+Tix4-Ti x6+ir xa )  
N 1 9 (Tiy 1 -n y 3 -nys+rr y 7 )  
N2 o (_-'TT y 2+Tiy 4-ir y 6+rry e )  
N 2 1 (-'TT x1+1r x3-n x�-f-rr x7 )  
N 2 2 (ir x2 -nx4 -nx6+rrxa ) 
cp 7 B 3  N 2 3 (ny 1 -Tiy 3+ny s -iry 7 )  
cp 5 B 3  N 2 4 ( -iry 2+rry 4+7ry 6-iry � )  
15 1  
Uiree angles are necess ary t o  des crib e the D2 s t ruc t ures i f  all 
center-t o-vertex dis t ances are chos en equal . Thes e  angles are defined 
in Figure 10 . When the D2 s t ructure is al lowed to b ecome an ant iprism,  
we have for the an gles 
6 . 6a 
6 .  6b 
Coordinate axes that define the angle paramet ers for the D 2d s truc ture 
have been ro t ated for the D2 sys tem, b ut one can find the relat ionship 
b e tween the angles 6A and 6B of the D2 d geomet ry and the D 2  angles 













8 1 = 
8 1 = 
6 2  = 
8 2  = 
eB we 
Ii r ( l  + " k COS 4 6B ) 2 
1 
./i. 
2 � ( 1  + cos 0B) 
If r ( l  + COS 2 6A) � 
1 2 � ./Z ( 1  + cos SA) . 
may emp loy the portion 
6 . 7a 
6 .  7b 
6 . Ba 
6 . 8b 
o f  the D2d  
s truc ture in the p lane cont aining dodecahedral l igands 5 and 7 ,  and 
p arallel t o  the D 2 d symme t ry axis , shown in Figure 1 1 . Thus 8 3  i s  
given by 
or 
t an (�e 3 )  = /2 co t 8B 
/2 cos SB 
= 
( l+cos 2 8B)� 
6 . 9 a 
6 . 9b 
15 2 
cos (�6 3 ) = �-s_i_n�e�B-­
( l+cos en)� 6 . 9c 
whence 
s in 6 3  = ..fi s in 2 0B l+cos 2 8B 
r cos eB 
1 ./2 r s in 6B 
F i gure 1 1 .  Ge ome t r i c  data for re la t ing D 2 angl e 6 3 t o  the 
p arame t e rs o f  . the D2 d s t ruc ture 
6 . 9d 
In t e rms o f  the s e  an gles an d Mo- t o-C dis t ance r ,  Tab le 59 g ives the 
coordina tes o f D2 vert ices with res p ect to the cen t e r .  
Tab le 59 . Car tes ian coord inates of D2 ver t i ces w i th 
res p e c t  to the cen ter 
ve r t ex x y 
1 r s in 8 1 cos 1:2 6 3 r s in 8 1 s in 1:2 8 3 r 
2 - r  s in 6 2 s in !�8 3  r s in 6 2  cos 1:26 3 r 
3 - r s in 9 1 cos �8 3 -r s in 6 1  s in 1:2 6 3 r 
4 r s in 8 2  s in �8 3 - r  s in 8 2  cos �8 3  r 
5 r s in 8 1  cos �8 3 -r s in 8 1 s in � 8 3  -r 
6 r s in t h  s in 1:28 3 r s in 8 2  cos �8 3 - r  
7 - r  s in 8 1  cos 1:28 3 r s in 6 1  s in � 8 3  -r 
8 - r  s in 8 2  s in 1:2 8  3 - r  s in 8 2  cos � 8 3 -r 
z 
cos 6 1  ' 
cos 8 2 
c o s  6 1  
cos 6 2 
c o s  8 1  
cos 8 2 
cos 8 1  
cos 8 2 
A l l  ligand-li gand dis tances rij can b e  writ ten in t erms o f  r ,  S i ,  
e l togethe r w i th s in <1> iJ. and cos ,._ij 2 ,  and 8 3 • T ab le 60 lis ts t ie rij ' � 
Tab le 60 . Li gand-ligand dis tances rij and overlap angles cf>ij in terms of the parameters 
des crib ing the D 2 s tructure 
overlap ligands rij cos cf>ij s in cf>ij 
A 1-2 ; 2-3 ; 
3-4 ; 4- 1 ;  
5-6 ; 6- 7 ;  
7-8 ; 8-5 
'.'C 1- 3 ;  5-7  
'.: ·n 2-4 ;  6-8 
:· .E 1-5 ; 3- 7 
-,_ .F 2-6 ; 4- 8 
::G 1- 7 ;  3-5 
· "X 2-8 ; 4-6 
B 1-6 ; 2- 7 ;  
3-8 ;  4-5 
'"Y 1- 8 ;  2-5 ; 
3-6 ; 4-7 
� fi. r ( 1 - cos 6 1 cos e 2 )  2 
2 r sin 6 1  
2 r s in , 6 2  
� 
2 r ( l  - s in 2 6 1  cos 2�8 3) 2 
2 r ( l  - sin 2 6 2 cos 2�6 3) � 
2 r ( cos 2 6 1  + sin 2 6 1  cos 2�6 3 )  � 
� 
2 r ( cos 2 8 2 + sin 2 8 2  cos 2�8 3) 2 
. 1 A < 1  - cos a 1  cos e 2) � 
s in 6 1  
s in 9 2 
( 1  - s in 2 8 1  cos 2�8 3) � 
( 1  - s in 2 8 2  cos 2�G 3' � 
1 
( cos 2 6 1  + sin 2 e 1  cos 2�6 3 ) � 
( cos 2 � 2 + sin 2 6 2 cos 2�8 3)
� 
1 � 12 ( 1  + cos 6 1  cos 8 2 ) 
cos 6 1  
cos 6 2 
s in 6 1  cos �6 3 
sin 8 2 cos �8 3 
s in a 1 s in �e 3 
sin 6 2 s in �6 3 
1 
fi r ( l  + cos 9 1  cos 9 2 - sin 6 1  s in 6 2 s in �6 3) � 
A ( 1  + cos e 1  cos 6 2  - s in 8 1  sin 8 2 sin �9 3) � 
, 1 If ( 1  - cos 6 1  cos 6 2 + sin 6 1  sin a 2 · sin �6 3 ) � 
1 
12 r ( l + cos 6 1  cos 6 2 + s in 6 1  s in 8 2  s in �8 3) � 
;} ( 1  + cos 6 1  cos 8 2 + s in 6 1 s in 6 2 s in �6 3 ) � 
1 � 12 ( 1  - cos 6 1  cos 6 2  - sin 6 1  s in 9 2  s in �6 3 ) 
f--1 \J1 w 
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for overlap angle �ij defined in Figure 6 .  The angles ��i and <f>nj 
relating Xn · and Yn · to a particular ligan_d-ligand overlap p lane for ]_ l.. 
the D2 s tructures are given in Tab le 6 1 .  These angles are fquri.d , .  
from equat ions 4 . 18 for planes containing a ligand and the center , 
us ing the coordinates of  the ligands , with respect  to the center , 
lis ted in Table 59 . 
Ligand-metal overlaps are found by applying the t rans formations 
4 . 2 1 and 4 . 2 2 . Angles . ai and b ±  are given in Tab le 6 2 . Resulting  
ligand-metal exp ressions follow from subst ituting  these values into 









3 · 4 










to the resolved overlap axes 
cos 4>ni sin <f>ni cos <f>nj 
-cos 
-cos 
( t an 
-k 8 2 f 2 1 
0 1 f 2-� 
a -� b -f  2 
-f 1 -� -cos 6 2 f 1 .... � 
S 1+tan 8 2 s in ) f 
-� c S s  s 
e 1 )  � 1 -k tan 8 2 cos 8 3 ( COS f3 2 
( tan E h  s in 8 3+tan 
s in <f>7Tj 
6 2 ) f 3
-� 
tan 6 1  c·os 
-� .d 
e s C cos 8 2 )
- 1 -� f 3 · 
y 1 8 - ( tan e 1-tan 8 2 s in 8 3 ) £ ,.  
5 2 6 3 ( cos 
- 1  -� 
tan 6 2 cos 8 1 ) f 4 
3 7 
( tan -� 7 4 8 1  s in 6 3-tan 8 2 ) f4 
tan 8 2 cos 8 3 ( COS 0 2 )
- l  f 4 -� 
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Table 6 1 .  con tinued 
over- ligand 
lap i j 
c 1 3 
5 7 
D 2 4 
6 8 
E 1 5 
3 7 
F 2 6 
4 8 
G 1 7 
3 5 




- 1  
cos �6 3  
f � 
cos �6 3 
f � 
-sin �8 3  
f � 
-sin �8 3 
f � 
a f l = 1 + s in 2 8 2 cf 3 2 2 = tan 8 1 + tan 6 2 
+ 2 t an 6 i tan 8 2 sin 
ration approaches D4 d 
cos <PTii mus t be  t aken 
ff 6 = 1 + tan 2 8 2 s in 2 
')( cos 2 0 s 
sin 4>'1Ti cos 4>'1Tj s in <1>'1Tj 
0 - 1  0 
0 -1 0 
e sin �8 3  cos �6 3  s in �6 3 
cos 6.1 £� f � cos 8 1 f � 
f sin �8 3  cos �8 3  s in �6 3  
cos 8 2 f � f � cos 8 2 f- . � 
g cos �6 3  =:.s in �8 3  cos �6 3 
cos 6 1 f � f � cos e 1 f � 
h cos �6 3 -s in !28 3 cos ��e 3 
cos 0 2 f � f � cos 8 2 f � 
cot 2 6 1 ;  b f 2 � 1 + s in2 8 1 cot 2 8 2 ; 
+ tan 2 8 1  tan 2 8 2 ; 
df 4  = t an2 8 1 + tan2 9 2  
6 3  + tan 2 8 1  tan2 6 2 cos 2 8 3 ; as the D2 configu­
symmetry , the angle 4>71 goes through 'lT / 2 , and 
pos itive . ef s  = 1 + tan 2 6 1  s in 2 6 3 ; 
8 3 ; gf 7  = 1 + tan2 8 1  cos 2 8 3 ;  hf e = 1 + tan2 8 2 
Tab le 6 2 . Metal-ligand overlap angle parameters for D 2 
s tructures 
ligand 1 2 3 4 5 6 7 8 
ai �6 3 �ir+�e 3 1T+�6 3  �1T+�6 3 -�6 3  �1T-�8 3  1T-�a 3  �1T-�8 3 
bi 8 1 8 2 6 1 8 2 
n- 6 1 n-6 2 n- 8 1 n-8 2 
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I I  Elements of  the S ecular Equation for the Irreducib le Representations 
of D2 
The normalization cons tants of ligand b as is functions  ·defined in 
Table 5 8  were determined from expansion 4 . 44 and equation 4 . 45 .  Nota-
tion for ligand-ligand _overlaps is given in Tab les 60 and 6 1 .  The 
resulting  expressions are 
N i  �(l + Czz + Ezz  + Gzz ) -� 6 . lOa 
� 
+ Xzz ) -� N2 = �( l + Dzz + Fzz 6 .  lOb 
Ng = �( l + Cxx + Exx + Gxx) -� 6 . lOc 
N 1 0 �(l + Dxx + Fxx + Xxx) -� 6 . lOd 
Ni 1 = �( l + Cyy + Eyy + Gyy) -� 6 . lOe 
N 1 2 = �( l  + Dyy + Fyy + Xyy )� 6 . lOf  
N3  = �( l + Czz - Ezz  - Gzz )
-� 6 . lla 
N1.t !� ( l  + Dzz - Fzz - Xzz )
-� 6 .  llb 
N i  3 = �( l + Cxx - Exx - Gxx)
-� 6 . llc 
Ni 1.t = �(.1 + Dxx - -1....-.c Fxx - Xxx) 2 6 . lld 
N 1 s = �(1  + Cyy - Eyy - Gyy ) -� 6 . lle 
N i 6  = � (l + Dyy - Fyy - Xyy) � 6 . llf 
Ns = � ( 1 - Czz - Ezz + Gzz )
-� 6 . 12 a  
N 6  = � (l - Dz z + Fz z - Xzz )
� 6 . 12b 
--1 
N i- 7  = � ( l - Cxx - Exx + Gxx) � 6 . 12 c  
N i a  = � ( l - Dxx + Fxx - · Xxx) �  6 . 12d  
--1 
N i g = �( 1  - Cyy .;.. Eyy + Gyy ) � 6 . 12 e  
--1 
N2 o = � ( l Dyy + Fyy - Xyy) � 6 . 12 f  
Czz + Ezz - Gzz ) -� 
Na = � ( 1  - Dzz - Fzz + Xzz ) -� 
Cxx + Exx - Gxx) � 
N2 2 = � ( 1  - Dxx - Fxx + Xxx)-� 
N2 3 = �( 1 - Cyy + Eyy - Gyy) -� 
N2 4 = � ( 1  Dyy - Fyy ·+ Xyy) -� 
The group overlaps for A repres entation are 
G 1 s  = 0 
G 1 4 4 N 1 [sin a S ( 2 s , 5s , p , -r ) + cos a S (2p0 , 5s , p , -r ) ] 
G 1 s  = 4 N2 [sin a S ( 2 s , 5s , p , T ) . +  cos a S ( 2 p0 , 5s , p , -r ) ] 
G 1 6  = 0 
G 1 8 = 0 
G2 4 2 N 1 ( 3  cos 2 0 1  - 1 )  [sin a S (2s , 4d0 , p , T ) 
+ cos a S ( 2 p0 , 4do , p , -r )] 
G2 s  = 2 N 2 ( 3 c OS 2 a 2 - 1 )  [sin a S ( 2 S , 4 d0 , p , T)  
+ cos a S (2po , 4 do , p , -r )] 
G2 6 2 /3 N9 s in 2 8 1 S ( 2pn , 4dn , p , -r ) 
G2 7 = 2 /3  N 1 o  s in 2 0 2 S ( 2 p� , 4dn , p , -r ) 
15 7 
6 . 13a 
6 . 13b 
6 . 13c 
6 . 13d 
6 . 13e 
6 . 13f 
6 . 14a 
6 . 14b 
6 . 14 c  
6 . 14d 
6 . 14e 
6 . 14f 
6 � 14g 
6 . 14h 
6 . 141 
6 . 14j 
6 .  14k 
6 . 14t 
6 . 14m 
6 . 14n 
6 . 140 
G3 4  = 2 13  N 1 s in 2 8 1 cos 6 3  [sin a S (2s , 4d<J , p , T) 
+ cos a S ( 2p0 , 4d0 , p , T )] 
G 3 s = -2 /3 N2  s in 2 e 2 cos 8 3  [s in a S ( 2s , 4d0 , p , -r ) 
+ cos a S (2p0 , 4d0 , p , T)] 
G3 6 = -2 N 9 s in 2 8 1 cos e3 S (2p TI , 4dTI , p , T )  
G3 7 = 2 N 1 0 s in 2 8 2  cos 8 3  S (2p n , 4dn , p , T )  
G3 a = -4  N 1 1  s in 8 1  s in 8 3  S ( 2pn , 4dn , p , T ) 
G 3 9  = 4 N 1 2  s in 8 2  s in 8 3  S ( 2pn , �dn , p , T )  
G tt s = 4 N 1 N 2 ( 2  Az z + B z z  + Yzz)  
G tt 6 = 4 N i N 9 ( Czx + Ezx + Gzx) 
4 N 1 N 1 0  ( 2  Az 1 X2 + B z 1 x6 + Yz 1 x s )  . 
4 N iN 1 1 (Ezy + Gzy) 
G 4 9 = 4 N 1 N 1 2 (Az 1Y 2 + AZ 3Y 2 + Bz 1Y6  + Yz 1Y a ) 
G s 6 = 4 N2N 9 ( 2  Az 2 X3 + Bz 6 x 1  + Yz ax 1 ) 
4 N 2N 1 o (Dzx + Fz x + Xzx) 
4 N 2N 1 1 (Az 2Y 1 + Az 2y 3  + Bz 6Y 1 + Yz eY 1 ) 
4 N 2N 1 2 ( Fzy + Xzy) 
G6 7 = 4 N 9N 1 o ( 2  Axx + Bxx + Yxx) 
G6 e 6- 4 N 9N 1 1  (Exy + Gxy ) 
G6 9 = 4 N 9N 1 2 (Ax 1Y 2 + Ax3Y 2 + BX1Y 6  + YX1Y e ) 
G 7 s  = 4 N 1 0N 1 1 (Ax2Y 1 + Ax2y 3 + BX6Y 1 + YxaY 1 )  
G 7 9  = 4 N 1 oN 1 2  (Fxy + Xxy) 
The group overlap s  for B 1  rep res entation are 
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6 . 14p 
6 . 14q 
6 . 14r 
6 . 14s 
6 . 14 t  
6 . 14u 
6 . 14v 
6 . 14w 
6 . 14x 
6 . 14y 
6 . 14z 
6 . 14aa 
6 . 14bb 
6 . 14cc 
6 . 14dd 
6 . 14ee 
6 . 14ff 
6 . 14 gg 
6 . 14hh 
6 . 14ii 
6 . 14j j 
6 . lSa 
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G 1 3 = 4 N3 cos 8 1 (s in a S ( 2s , 5pa , P , T ) + c os a S ( 2p0 , 5 pq , P , T )] 6 . 15b 
G 1 4  = 4 N4 cos 6 2 [s in a S (2 s , 5p0 , p , T) + cos a S ( 2p0 , 5p 0 , p , T)] 6 . 15c 
G i s = 4 N 1 s s in 8 1  S ( 2pn , 5pn , p , T )  6 . 15d 
G 1 6  = 4 N 1 4 s in 8 2 S (2pn , 5pn , p , T) 6 . 15e 
Gi 7 = 0 6 . 15 f  
G i a = 0 6 . lS g  
G 2 3 = 2 /3 N 3  s in 2 8 1  s in 8 3 [s in a S (2s , 4dcr , p , T )  
+ cos a S (2p0 , 4d0 , p , T )] 6 . 15h 
G 2 4 = -2 13 N 4 s in 2 8 2 sin 8 3 [sin · a S (2s , 4d0 , p , T )  
+ cos a S ( 2p0 , 4d0 , p , -r )] 6 . 15 i  
G 2 5 = -2 N 1 3 s in 2 8 1 s in 8 3  S ( 2pn , 4dn , p , T ) 6 . 15j 
G 2 6 = 2 N i 4  s in 2 8 2 s in 8 s  S (2pn , 4dn , p , T ) 6 . 15k 
G 2 7 - 4 N 1 5 s in 8 1  cos 8 3  S (2pn , 4dn , p , T ) 6 . 15i 
G2 8 = -4 N1 6  s in 6 2 cos 63 S (2pn , 4dn , p , T ) 6 . 15m 
G 3 4 = 4 N3N4 ( 2  Az z - Bzz - Yz z )  6 . 15n 
G 3 5 = 4 N 3N 1 3 (Czx - Ezx - Gzx) 6 . 150 
G3 6 = 4 N 3N 1 4 ( 2  Az 1 X2 - Bz 1 X6 - Yz 1 xa ) 6 . 15p 
G 3 7 = � 4  N 3N 1 s (Ezy + Gzy) 6 . 15 q  
G4 7 = 4 N4N 1 s CAz 2Y 1 + Az 2Y s  - B z 6Y 1 - YZ eY 1 ) 
G 4 e = -4 N4N 1 6 (Fzy + Xzy ) 
G5 6 = 4 N 1 4N 1 3 (2 Axx - B xx - Yxx) 
6 . 15 r  
6 . 15s 
6 . 15t 
6 . lSu 
6 . 15v 
6 . 15w 
The group overlaps for B 2 rep res entat ion are 
G 1 8 = 4 N2 o  sin �8 3 S (2pn , 5Pn , p , T )  
G2 3 2 /3 . N 5  s in 2 e  1 cos �6 3 [sin a S (2s , 4da , p  ,-r )  
+ cos a S ( 2 Pa , 4d0 , p ,-r )] 
G2 4 -2 /3 N6 s in 2 6 2 s in �e 3 [sin a S (2s , 4d0 , p , -r ) 
+ cos a S (2p0 , 4da , p , T )] 
= 4 N 1 7 cos 2 8 1 cos �8 3  S (2p1T , 4d , p , T )  • TI 
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6 . 15x 
6 . 15y 
6 . 15 z  
6 . 15aa 
6 . 15bb 
6 . 16 a  
6 . 16b 
6 � 1 6 c  
6 . 16d 
6 . 16 e  
6 . 16 f  
6 . 16 g  
6 . 16h 
6 . 16 i  
6 . 16k 
6 . l6 R,  
6 . 16m 
6 . 16n 
G 3 s  = 4 N 5N 1 1 ( Czx + Ezx - Gzx) 
G3 6 4 N sN 1 e (-B z 1 x6 + Yz 1 xs ) 
G3 1 = 4 N sN 1 9 (-Ezy + Gzy) 
4 N6N 1 1 (-Bz 6 x1 + Yz ax 1 ) 
4 N6N 1 a (Dzx - Fzx + Xz x) 
G4 1  4 N 6N 1 9 (Az 2Y 1 - Az 2y 3 + Bz 6Y 1 - Yz ay1 ) 
G4 e 4 N6N 2 o (�Fzy + Xzy) 
Gs 6 4 N i 1N 1 a ( Bxx Yxx) 
G5 1 = 4 N i 1N 1 9 (Exy Gxy ) 
G6 a = 4 N i aN 2 o ( Fxy - Xxy )  
G1 a = 4 N 1 9N 2 o (Yyy - Byy) 
The group overlaps  for B 3 represen tat ion are 
G1 2 = 0 
G 1 3 = 4 N 1 s in 0 1 cos �6 3 [s in a S (2s , 5p0 , p , T ) 
+ cos a S (2p0 , 5p0 , p , T ) ] 
G 1 4 = 4 N a  s in 6 2 s in �6 3 [s i? a S (2s , 5p0 , p , T ) 
+ co s  a S (2p0 , 5p0 , p , T )] 
G 1 5 4 N 2 1  cos 6 1  cos �8 3  S (2pn , 5pn , p , T ) 
G 1 6 = 4 N2 2 cos 8 2 s in �8 3 S (2pn , 5Pn , p , T ) 
G i 7 = -4. N 2 3 s in �6 3 S ( 2pn , 5p� , p , T ) 
G 1 8 = 4 N � 4 cos �6 3 S (2pn , 5Pn , p , T ) 
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6 . 160 
6 . 16 p  
6 . 1 6 q  
6 . 16r 
6 . 16s 
6 . 16t 
6 . 16u 
6 . 16v 
6 . 1 6w 
6 . 16 x  
6 . 1 6y 
6 . 16z 
6 . 1 6aa 
6 . 1 6bb 
6 . 1 7 a  
6 . 1 7b 
6 . 17 c  
6 . 17 d  
6 . 1 7 e  
6 . 1 7 f  
6 . 17 g  
G2 3 = 2/3 N 7  s in 2 8 1 sin �e 3 [s in a S (2s , 4da ,p , T ) 
+ cos a S (2p0 , 4d0 ,p , T )] 
G2 4 = -2/3 Na sin 2 8 2 cos �8 3 [sin a S (2s , 4dcr , p , T )  
+ cos a S (2pa , 4da , p , T )] 
G� s = 4 N2 1 cos 28 1 s in �8 3 S (2p7 p 4d7T' ,p , T )  
G2 6  = - 4  N 2 2  cos 28 2 cos �8 3 S (2p7T' , 4� ,p , T )  
G2 7 = 4 N 2 3 cos 8 1 cos �8 3 S (2pn , 4d,r ,p , T )  
G2 s = 4 N 2 4 cos 8 2 s in �8 3 S (2pn , 4dn , p , T )  
G3 4 = 4 N 7N 8 (Bz z  - Yzz)  
G 3 s  = 4 N 7N 2 1 (Czx - Ezx + Gzx) 
G 3 6 = 4 N 7N 2 2 (-Bz 1 x6 + Yz 1 xa )  
G4 6 = 4 N 8N 2 2  (Dz x + Fzx - Xzx) 
G4 7 = 4 N aN 2 3 (Az 2y 3  - AZ 2Y 1 + Bz 6Y 1 - Yz aY 1 ) 
G4 s = 4 N aN 2 4 (-Fzy + Xzy ) 
G5 6 = 4 - N2 1N2 2 (Bxx - Yxx) 
Gs a  = 4 N 2 1 N2 4 (AX 1Y 2 - AX3Y 2 - B X1Y6 + YX1Y e )  
G6 7 = 4 N 2 2N2 3 (AX2Y 1 - Ax2Y s  - Bx6Y 1 + YXeY 1 )  
G6 e  = 4 N2 2N 2 4 (Fxy - Xxy )  
G 7 e = 4 N2 3N 2 4 (Byy - Yyy ) 
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6 . 1 7h 
6 . 1 7 !  
6 . 17j 
6 . 1 7k 
6 . 17R.  
6 . 17m 
6 . 17n 
6 . 170 
6 . 1 7p 
6 . 17q 
6 . 1 7 r  
6 . 17s 
6 . 1 7 t  
6 . 17u 
6 . 17v 
6 . 17w 
6 . 1 7 x  
6 . 17y 
6 . 17z 
6 . 1 7bb 
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Coulomb Hii and interaction Hij terms are s et up employing 
expansion 4 .  56 and equation 3 .  2 1 .  The  VSIE ' s for Mo and VOIP ' s for CN 
orb itals are those that . were used in the D2 d  calculation . Ligand-
metal functions 4 . 60 and ligand�ligand functions 4 . 61 are employed to 
simplify the final express ions . The Hii and Hij terms for A representa­
tion are 
H 1 1 = Ho (Mo5s )  
H2 2 = H o  (Mo4d) 
li 3 3 = Ho (Mo4d) 
H4 4 = 4 N 1 2 [s in 2a Ho (CN2s ) + cos 2a Ho (CN2pcr ) + f (Czz )  
+ f ( Ezz ) + f (Gzz )] 
H5 5 = 4 N 2 2 [s in2a Ho (CN2s ) + cos 2a Ho (CN2pcr )  + f (Dzz )  
+ f ( Fz z )  + f (Xzz)] 
H6 6  = 4 N9 2 [H0 (CN2pn) + f (Cxx) + f (Exx) + f (Gxx)] 
H 7 7  = 4 N 1 0 2 [H0 (CN2pn) + f (Dxx) + f (Fxx) + f (Xxx)] 
Ha e = 4 N 1 1 2 [Ho (CN2pn ) + f (Cyy ) + f (Eyy) + f (Gyy )] 
H9 9 = 4 N1 2 2 [Ho (CN2pn ) + f (Dyy ) + f (Fyy } + f (Xyy)] 
Hi 2 = 0 
Hi 3 = 0 
H1 4 = 4 N i {s in a f [S (2s , 5s , p ,-r)] · + cos a f [S (2pcr , 5s , p , ·r )] } · 
H1 5 = 4 N2 { s in a f [S (2s , 5s , p , T ) ] + cos a f [S (2pcr , 5s , p , -r )] } 
H1 7 = 0 
H i s = 0 
H 1 9 = 0 
6 . 18a 
6 . 18b 
6 . 18c 
6 . 18d 
6 . 18e 
6 . 18£ 
. 6 . 18g 
6 . 18h 
6 . 18i 
6 . 19a 
6 . 19b 
6 . 19c  
6 . 19d 
6 . 20e 
6 . 2Qf  
6 . 2Qg 
6 . 20h 
H2 4 = 2 N 1 ( 3 cos 2 8 1 - !) {s in a f [S (2s , 4da , p , r) ]  
+ c.os a f [ S ( 2 pa , 4da , p , T) J } 
H2 s = 2 N 2 ( 3  cos 2 8 ·2 - l) {s in . a f [S (2s , 4da , p , T) ] 
+ cos a f [S (2pa , 4.da , P , T) ] } 
H2 6 = 2 /3 N9  s in 2 8 1 f [S { 2p1T , 4d1T , p , T) ]  
H2 7 = 2 /3 N 1 0  s in 2 8 2 f [S (2p1T , 4d1T , p , -r) ] 
H2 9 = 0 
H s 4  = 2 /3  N i  s in2 8 1 cos 8 3 { sin a f [_S (2s , 4da , p , T) ] 
+ cos a f [S (2p0 , 4d0 , p , T ) ] } 
H 3- 5 -2 /3 N2 s in 2 8 2 cos 8.3 { s in a f [S (2s , 4da , p , T) ] 
+ cos a f [s (2p0 , 4d0 , P , ·r ) ]  } 
li 3 6 = -2 N 9  sin 2 8 1 cos 8 3 f [S ( 2p1T , 4d1T , p , T) ]  
li3 7 = 2 N 1 o  sin 2 8 1 cos  6 3  f [S (2p1T , 4d1f , p , T) ] 
H3 a = -4 N 1 1 s in 8 1  s in 6 3  f [S (2p1T , 4d1f , p , T) ]  
li4 5 = 4 N 1N2 [2 f (Azz )  + f (Bz z )  + f (Yzz )] 
H4 � = 4 N 1N 9 [f (Czx) + f (Ezx) + f ( Gzx)] 
4 N 1N 1 0 [2 f (Az � x2 ) + f (Bz 1 x6 ) + f (Yz 1x� ) ]  
4 N 1N 1 1 [f (Ezy) + f (Gzy )] 
li4 9  = 4 N 1N 1 2 [f (Az 1y 2 ) + f (Ax3y 2 ) + f (Bz 1y6 ) + f (Yz 1Y a ) ] 
Hs 6 4 N 2N 9  [2 f (Az 2 x3 ) + f (Bz 6x 1 )  + f (Yz aX1 )] 
Hs 7 = 4 N 2N 1 0 [f (Dzx) + f (Fzx) + f (Xzx)] 
H5 8 = 4 N 2N 1 1 [f (Az 2y 1 ) + f (Az 2y 3 )  + f (Bz6y 1 )  + f (Yz aY 1 )] 
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6 . 20i  
6 . 20j 
6 . 20k 
6 . 20.t 
6 . 20m 
6 . 20n 
6 . 200 
6 . 20p 
6 . 20q 
6 . 20r 
6 . 20s 
6 . 20 t  
6 . 20u 
6 . 20v 
6 . 20w 
6 . 20x 
6 . 20y 
6 . 20z 
6 . 20aa 
6 . 20bb 
6 . 20cc 
Hs 9  = 4 N 2N 1 2 [f (Fzy )  + f (Xzy)) 
H6 7 = 4 N9N1 0 (2 f (Axx) + f (Bxx) + f (Yxx)] 
H6 a = 4 N9N 1 1 [f ( Exy ) + f (Gxy)] 
H6 9 = 4 N9N 1 2 (f (Ax 1Y 2 )  + f (Ax3y 2 ) + f (Bx1y 6 ) + f (Yx1ye )] 
H7 s = 4 N 1 0N 1 1 [f (Ax2Y 1 )  + f (Ax2y 3 )  + f (Bx6y 1 )  + f (Yxay 1 )] 
H79  = 4 N 1 0N 1 2 [f (Fxy) + f (Xxy)] 
Ha g = 4 N 1 1N 1 2 [2 f (Ayy ) + f (Byy ) + f (Yyy )] 
The Hii and Hij terms for B 1  representation are 
H 1 1  = Ho (Mo5p )  
H2 2 = Ho (Mo4d) 
H3 3 = 4 N 3 2 l s in2 a H o (CN2s )  + cos 2a Ho ( CN2p0 )  + f ( Czz ) 
- f (Ezz )  - f (Gzz )] 
H4 4  4 N4 2 [sin2a H0 (CN2s)  + cos 2a Ho (CN2p0 ) + f (Dzz )  
f ( Fz z )  - f (Xzz )] 
Hs 5 = 4 N 1 3 2 [H0 ( CN2pn ) + f (Cxx) � f (Exx) f (Gxx)] 
H6 6 = 4 N 1 4 2 [H0 (CN2pn ) + f (Dxx) - f ( Fxx) - f (Xxx)] 
li7 7 = 4 N 1 5 2 [Ho ( CN2pn ) + f (Cyy) - f (Eyr) - f (Gyy )] 
Ha e  = 4 N 1 6 2 [H0 (CN2pn )  + f (Dyy) - f (Fyy) - f (Xyy )] 
H 1 2 = 0 
H 1 3  = 4 N3  cos 8 1 { s in a f [S (2s , 5p0 ,p ; r )] 
+ cos a f [S (2pa , 5Pcr ,P ,T )] } 
H 1 4  = 4 N4 cos e ·2 { s in a f [S (2s , 5Pc pP , T )] '  
+ cos a f [S ( 2p0 , 5Pcr ,p ,- r)] } 
H 1 5  = 4 N 1 3 s in 6 1 f [S (2Pn , 5P1r>P ,T )] 
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6 . 20dd 
6 . 20ee 
6 . 20ff 
6 . 20gg 
6 . 20hh 
6 . 20ii 
6 . 20j j  
6 . 21a 
6 . 2 lb 
6 . 2lc 
6 .  2 ld 
6 .  21e 
6 .  2 1f -
6 . 2lg 
6 . 2 1h 
6 . 22a 
6 . 22b 
6 . 22c 
6 . 2 2d 
H 1 6 = 4 N 1 4 s in e 2 f [s ( 2p1T , 5p 7 p  p , ·r)] 
H1 7 = 0 
H.2 3 = 2 /3  N 3  sin 2 8 1  s in  e � {sin a f [S ( 2s , 4dcr , p , -r ) ] 
+ cos a f [S (2pa , 4da , p , -r )] } 
H.2 4 = -2 /3 N4 sin2 6 2 s in 8 3 { sin a f [S ( 2s , 4da , p , -r) ] 
+ cos a f [s (2pa , 4dcr , P , -r) ] }  
H2 s  = -2 N 1 3 sin 2 6 1 s in 8 3 f [S (2p7r , 4d1T , p , -r)J 
H2 6  = 2 N 1 4 sin 2 8 2 s in 8 3  f [S (2p� , 4d� , p , -r) ] 
H2 7  = 4 N 1 s  s in 6 1 cos 8 3  f [S (2p1T , 4d1T , p , -r)] 
H2 8 = -4 N i 6  sin 8 2 cos 6 3  f [S (2p1T , 4d1T , p , -r)] 
H 3 4  = 4 N3N4 [2 f (Azz )  - f (Bz z )  - f (Yzz )] 
H3 s = 4 N3N 1 3 [f (Czx) - f (Ezx) - f (Gzx)] 
H3 6 = 4 N3N i 4 [2 f (Az 2X3 )  - f (Bz 2y 3 ) - (Yz ay 1 )] 
H4 s = 4 N1+N i s  [2 f (Az2x3 } - f (Bz 6x 1 ) - f (Yz a.X 1 )] 
H4 6 = 4 N4N 1 4 [f (Dzx) - f (Fzx) - f (Xzx)] 
H4 7 · - 4 N4N 1 5 [f (Az 2y 1 )  + f (Az 2y 3 )  - f (Bz 6y 1 )  - f (Yz aY 1 )] 
H" a = -4 N"N 1 6 [f (Fzy) + f (Yzy)] 
Hs 6  = 4 N 1 3N 1 ,.[2  f (Axx) - f (Bxx) - f (Yxx)] 
Hs 7  = -4 N 1 3N 1 s [f (Exy) + f (Gxy)] 
H5 8 = 4 N 1 3N 1 6 (f (Ax 1y 2 ) + f (Ax3y 2 ) - f (Bx1y 6 )  - f (Yx1Ye )] 
H6 7 4 N 1 4N 1 5 [f (Ax2y 1 )  + f (Ax2y 3 )  - f (Bx6y � )  - f (YxaY 1 )] 
H6 a = -4 N 1 4N 1 6  [f (Fxy) + f (Xxy)] 
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6 . 22e 
6 . 2 2 f  
6 . 22g  
6 . 22h 
6 . 22i  
6 . 22j 
6 . 22k 
6 . 22R. 
6 . 22m 
6 . 22n 
6 . 220 
6 . 22p 
6 . 22q 
6 . 22r 
6 . 2 2s  
6 . 22 t  
6 . 22u 
6 . 22v 
6 . 22w 
6 . 22x  
6 . 22y 
6 . 22z  
6 . 22aa 
The 14.i and Hij terms for B 2 representation are 
H1 1 = Ho (Mo5p) 
H2 2 = Ho (Mo4d) 
H3 3 = 4 N s 2 [s in 2 a Ho (CN2s ) + cos 2a  Ho (CN2p0 ) - f (Czz )  
f (Ezz ) + f (Gzz )] 
H4 4  = 4 N6 2 [sin 2a Ho ( CN2s )  + cos 2a Ho (CN2p0)  - f (Dzz )  
+ f ( Fzz )  - f (Xz z )] 
Hs s  = 4 N 1 7 2  [Ho (CN2p1T) - f (Cxx) f (Exx). + f (Gxx)] 
H6 6  = 4 N 1 8 2 [H0 (CN2p1T) f (Dxx) + f (Fxx) f (Xxx)] 
li 7 7  4 N 1 9 2 [H0 (CN2p1T) - f ( Cyy ) - f (Eyy) + f (Gyy)] 
Ha s  4 N2 o 2 [Ho (CN2p1T) f ( Dyy ) + f (Fyy) - f (Xyy)J 
0 
4 N5 sin 8 1 sin �8 3 { s in a f [S (2s , 5p0 , p , T ) ] 
+ cos a f [s (2p0 , sp·a , p  ,-r)] } 
H 1 4  4 N 6  sin 8 2 cos �8 3 { s in a f [S (2s , 5p0 , p , T )] 
+ cos a f [s (2p0 , 5p0 , p ,  T )] } 
H 1 5 = 4 N 1 7 cos 8 1 s in �8 3  f [S ( 2p7 p 5p1T , p ,-r )] 
H 1 6 4 N 1 8 cos 8 2 cos �8 3 f [S (2 prr , 5p1T , p , T )] 
H 1 7 4 N l!� cos �8 3 f [S (2prr , Sp1T , p , T )]. 
H 1 a  = 4 N 2 o sin �e s f [S (2pn , 5P1T , p , T )] 
H2 3 = 2/3 Ns sin 2 8 1 cos �8 3 { s in a f [S (2s. , 4d0 , p  ,-r)] 
+ cos a f [S ( 2pa , 4d0 , p ,- r )] } 
H2 4 = -213 N6 s in 2 0 2 s in �8 3 { sin a f [S (2s , 4d0 , p , T )] 
+ cos a f [S (2p0 , 4da , P > r )] } 
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6 . 22bb 
6 . 23a 
6 . 2 3b 
6 . 2 3c 
6 . 2 3d 
6 . 2 3e 
6 . 23f  
6 . 2 3g 
6 .  23h 
6 . 24a 
6 . 24b 
6 . 24 c  
6 . 24d 
6 . 24e  
6 . 24f  
6 . 24g  
6 . 24h 
6 . 24i 
H2 5 = 4 N 1 7 cos 28 1 cos �e 3 f [S (2pn , 4d� , p , T )] 
Hu = -4 N 1 9 cos 2 8 2 s in �6 3 f (S (2p1 p 4d1pp ,- t )j 
H2 7 = -4 N i 9 cos 8 1  s in �8 3 f [S (2p , 4 d  , p , -r )] 'IT 1T ' 
H2 8  = 4 N2 o cos 8 2  cos �6 3 f [s ( 2p1T , 4d1r'P , ·r )] 
li 3 4  = 4 N5N6 [f (Bzz ) . - f(Yzz )] 
li 3 5 = 4 NsN 1 7 [f CCzx) + f ( Ez x) - f (Gzx)] 
H3 6 = 4 N5N 1 a [-f (Bz 1 x6 ) + f (Yz 1 xa )] 
�3 7 = 4 N5N 1 9 [-f ( Ezy ) + f (Gzy)] 
H3 a = 4 NsN 2 o [f (Az 3y 2 ) - f (Az 1Y 2 ) f (Bz 1Y6 ) + f (Yz 1Y a )] 
H 4 s  = 4 N6N 1 7 [-f ( Bz 6x1 ) . + f (Yza x 1 )] 
Ht. 6  = 4 N6N 1 8 [f (Dzx) - f ( Fzx) + f (Xzx)] 
H4 a  = 4 N6N2 0 [- f ( Fzy )  + f (Xzy )] 
H!5 6 = 4 N 1 7N 1  a [f (Bxx) - f (Yxx)] 
Hs 7  = 4 N 1 7N 1 9 [f (Exy )  f (Gxy)] 
li5 s = 4 N 1 7N2 0 [f (Ax 1y 2 ) - f (Ax3y 2 )  + f (Bx1y 6 )  - f (Yx 1Ya )] 
H.6 7 = 4 N 1 8N 1 9 [f (Ax2y 3 )  f (Ax2Y 1 ) - f (Bx6y 1 )  + f (Yx0y 1 )] 
H6 e = 4 N 1 8N 2 0 [ f ( Fxy) - f ( Xxy)] 
H 7 8 = 4 N 1 9 N 2 0 [ f (Yyy ) f ( Byy)] 
The H · · and H · · terms for B 3 representation are 1 1  1 J  
H1 1  = ' Ho  (Mo5p )  
H2 2  = Ho (Mo4d) 
H 3 3  = 4· N 7 2 s in2 a [H0 ( CN2s ) + cos 2a Ho (CN2pa )  - f (Cz z )  
+ f (Ez z )  + f (Gzz )] 
1 6 8  . 
6 . 2 4j 
6 . 2 4k 
6 . 2 4 t  
6 . 2 4m 
6 . 2 4n 
6 . 240 
6 . 24p 
6 . 2 4q 
6 . 2 4r 
6 . 24s 
6 . 24t 
6 . 2 4u 
6 . 2 4v 
6 . 2 4w 
6 . 24x 
6 . 24y 
6 . 2 4z 
6 . 24aa 
6 . 24bb 
6 . 25a 
6 . t25b 
6 . 25c 
li4 4 = 4 Na 2 [s in 2a Ho ( CN2s ) + cos 2a Ho (CN2p0 ) - f (Dzz ) 
- f ( Fz z )  + f (Xzz)] 
Hs s  = 4 N2 1 2 [Ho (CN2pn ) f ( Cxx) + f (Exx) f (Gxx)] 
H6 6 - 4 N2 2 2 [Ho (CN2pn ) - f (Dxx) - f (Fxx) + t (Xxx)] 
H7 7 = 4 N2 3 2 [Ho (CN2pn ) f ( Cyy) + f (Eyy) f ( Gyy)] 
Ra e 4 N2 4 2 (Ho (CN2pn ) - f (Dyy) f (Fyy) + f (Xyy)] 
H i 2 = 0 
H1 3 = 4 N 7  s in 8 1 cos �0 3 { s in a- f [S (2s , Sp0 , p , T )] 
+ cos a f [S (2p0 , Sp0 , p  ,-r) ] } 
H 1 4  = 4 N 8  s in 8 2 s in �0 3 { s in a f [S (2s , 5p0 ,p , T )] 
+ cos a f [S (2p0 , Sp0 ,p � ·r )] } 
H i 5 = 4 N 2 1 cos A 1  cos �8 3 f [S ( 2pn , 5Pn , p , T ) ]  
H 1 6 = 4 N2 2  cos 6 2 s in �e 3 f [S (2pn , 5Pn , p , T ) ]  
Hi 7 -4  N 2 3 s in �6 s f [S (2pn , 5pn , P t T ) ]  
H i e =  4 N 2 4 cos  �6 3 f [S (2pn , 5Pn , p , T )] 
H2 3 = 2/3 N 7  s in 26 1 s in �e 3 { s in a f [S (2s , 4d0 ,p , T ) ] 
+ cos a f [s (2p0 , 4da , p  ,-r)] } 
H2 4 = -2/3 N8  sin 28 2 cos �8 3 { s in a f [S (2s , 4da , p , T )] 
+ cos a f [S (2p0 , 4d0 ,p , T � } 
H2 5  4 N 2 1 cos 2 8 1 s in �8 3  f [S ( 2pn , 4dn ,� , T )] 
H2 6 = �4 N 2 2  cos 28 2 cos �8 3 f [S (2pn , 4� ,p , T )] 
H2 7 = 4 N 2 3 cos 6 1 cos �0 3  f [S (2p1 p 4 dn ,·P ,-r)] 
H2 8 4 N2 4 cos 8 2 s in �8 3 f [S (2pn , 4dn ,p , T )] 
H3 4 4 N 7N 8 [f (Bz z )  - f (Yz z )] 
H3 5 = 4 N 7N 2 1 [f (Czx) - f (Ezx) + f (Gzx)] 
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6 . 2 5e 
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6 . 26e 
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H.s 6  = 4 N 7N2 2 [-f (Bz 1 x6 )  + f (Yz 1 x8 )] 
H.3 7 = 4 N 7N2 3 [f (Ezy) - f ( Gzy)] 
H.s a = 4 N 7N2 4 [f (Az aY2 )  - f (Az 1 Y 2 )  + f (Bz 1y6 )  - f (Yz 1 y 8 )] 
li4 5 = 4 NaN 2 1 [- f (Bz 6 x1 )  + f (Yz 8·x1 )] 
H46  = 4 NaN2 2  [f (Dzx) + f (Fzx) - f (Xz x)] 
H-. 7  = 4 N aN 2 3 (f (Az 2Y a ) - f (Az 2y 1 )  + f (Bz 6"y 1 )  - f (Yz 8y 1 )] 
H4 8 = 4 N aN 2 4 [-f ( Fzy ) + f (Xzy)] 
Hs � = 4 N2 1N 2 2 [f (Bxx) f (Yxx)] 
Hs 7 = 4 N 2 1N 2  3 [-f (Exy) + f (Gxy)] 
H6 7 = 4 N2 2N2 s [f (Ax2Y 1 )  f (Ax2y 3 ) 
H6 e = 4 N 2 2 N 2 4 [ f ( Fxy ) - f ( Xxy) J 
H7·a = 4 1N2 3N2 4 [f (Byy) f (Yyy)] 
f ( BX 1Y 6 )  + f (Yx 1Ya )] 
f (Bx6y 1 )  + f (YxaY 1 )] 
1 7 0  
6 . 2 6p 
b . 2 6q 
6 . 26r 
6 . 26s 
6 . 2 6 t  
6 . 26u 
6 . 2 6v 
6 . 2 6w 
6 . 2 6 x  
6 . 2 6y 
6 . 26 z  
6 . 2 6aa 
6 . 26bb 
Res ults from 34 bonding electron b as is s et calcul ations reproduc­
ing both the D4 d and the D2 d geomet ries appear in the s econd p art of 
the app endix. Thes e res ul t s  were ob tained b efore f irial s elf  cons is� 
tency in the two p revious geomet ries was reached ; s o  that the ass umed 
charges and electron dis trib utions differ s omewhat from those rep orted 
in the p revious s ec tions . However ,  the values ass umed are clos e  
enough i n  b o th cases , s o  tha t  energy level corre lations can b e  made . 
1 7 1  
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APPENDIX 
Description of  the Program 
The calculation is carried out using a Fortran IV program 
which sets up the expressions for the secular determinants of the 
symmetry group involved , the remainder of the calculations b eing 
done ·in- subprograms . The outline of the subprograms follows : 
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1. MUVI ('µ and VSIE) .calculates reduced masses µ ,  defined in equation 
3 � 3 ;  VSIE ' s  for Mo , defined in equations 3 . 8-3 . 18 , and using the 
data · in Table 2 ;  and VOIP ' s  for CN from the data in Table 3 .  
Input is  the charge and electron distribut ion on Mo . A constant 
charge on N of - . 30 is assumed .  
2 .  !NOV (input for overlaps ) sets up the data for the overlap 
# 
program OVLAP , and writes out the tab le of  overlaps . The output 
table contains overlap parameters P and T ,  defined in equations 
4 . 12 and 4 . 13 ; quantum numbers na , la� nb , and lb on atoms A and 
B ;  and overlap values for cr and � overlaps . INOV calls the next 
sub routine . 
3 .  OVLAP (overlaps ) is Nehring ' s  modification o f  Cus achs ' 3 3 program 
to calculate overlaps between two Slater-type orbitals . Input 
dat a  are quantum numbers na , la , Ilb , lb , and p arameters P and T .  
4 .  TRANS ( trans format ions ) is a routine to compute the ligand-ligand 
overlap components defined in equations 4 . 15 from the atomic 
overlaps calculated in OVLAP . The program also computes expressions 
4 . 60 for ligand-metal terms and 4 . 6 1 for ligand-ligand te�ms ,  
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using the subs titution �Sij C2 - l sij j ) (hi i  + hj j ) for Sij in 
each of the expressions of 4 . 15 .  Output from TRANS is a table 
of resolved overlap components Xxx , Xyy , Xxy , Xzx ,  Xzy , and Xz z ,  
where X labels a particular overlap . 
5 .  EDET (energy-determinant)  is a modification of Nehring ' s  method .  
The routine finds allowed energy levels for the s ecular determinant 
by set t ing up an initial energy value and calculating the deter­
minant . The energy is incremented , · the determinant recalculated , 
and tes ted until a sign change indicates the value of  the deter­
minant has gone through zero . Successive refinements  in . the energy 
increment are made until  the energy is varying by no more than 
10- e eV . EDET writes out Gij ' Hii '  Hij ' and values of  the deter­
min�t and energy for each root . This program calls the next five 
sub routines . 
6 .  ELMT (elements ) calculates the elements of the determinant from 
group overlaps Gij , Hi i  and Hij values and the en_ergy ,  using 
Xij = Hij - E Gij 
7 .  DETR . ( determinant) solves an n x n determinant s e t  up in ELMT , by 
triangularization , us ing row switches . This procedure minimizes 
the n ,n element . The value of the triangularized determinant is 
the product of the elements down the principal diagonal . 
8 .  COEFF , or NEWCOF ( coefficients )  calculates coefficients from 
the triangularized determinant , including all group overlaps 
express io_ns , by setting en = 1, calculating the 11-l _,. 
coefficients , and then introducing the normalization 
. ,. 1 
to  compute actual values . For the case in which cn = 0 ,  the 
program calls ELMT , switches two columns , calls DETR, computes 
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the coefficients , res tores the original order , and normalizes the 
Ci • COEFFl contains p rogram POPU as a part of  it . 
9 .  POPU (populations ) calculates electron populations from the 
coefficients and group overl-aps with equal part itioning of  the 
overlap populations , following Mullikan ' s  descriptions . The 
coefficients and populations for each root o f  the secular deter-
minant are printed out in this subprogram. 
10 . The firs t output programs (D2Dl , D4Dl , D2 1)  s tore up energies and 
populations as · they are computed , for totalling and tabulation . 
, 
11 .  The second output programs ( D2D2 , D4D2 , D22 )  t otal up the electron 
b inding energy , compute the energy gap between hi_ghes t bonding 
and firs t unoccupied levels , and find the total Mo 4d , 5 s , Sp and 
CN a , n ,  C 2s , C 2p populations . Then the p rogram calculates 
the charges on Mo , CN , and C ,  and compares the charge on Mo with 
the assumed value to determine if the charge should b e  incremented 
and the entire calculation repeated.  Output from this program is 
a p lot  of  energy levels , and calculated charges and d is tributions 
on Mo , CN ,  and C .  
1 7 8  
Results From D2 Calculations 
Tab les 63 and 64 lis t  the results for the D 2 s t ruc tures , chosen 
with parameters that t ake i t  into a D 2 d dodecahedron .  As sumed charges 
d d .  t " b  t "  -- 0 . 325 , Mo 4d4 · 9 6 a 2  5 s . 2 5 a S p · 4 4 a e ; an is ri u ions are CU1o qCN = 
- . 54062 5 ; qc = - . 2 406 2 5 , C 2 s · 2 1 2 p 4 • 0 3 0 6 2 5 • C al culated values are 
ClMo = 0 . 329 2 5 8 , Mo 4 d 4 . 9 7 9 7 2 2  ss • 2 6 o s 4 6 5p . 4 5 0 4 7 4 ; qCN = - . 5 4 115 7 2 ; 
qc = - . 2 41 15 72 , C 2s · 2 0 4 8 9 5 2p 4 • 0 3 6 2 6 2 2 • Elemen ts of  the s ecular 
e quat ion app ear in Tab le 6 3 .  Tab l e  64 lis ts the calcul ated energy 
levels . 
Tab le 6 3 .  Elemen ts o f  the s ecular determin an ts Gij ' Hii ' and Hij 
for the irreducib le repres ent�tions of D 2 
A 
G 1 2 =· G 1 3 = 0 
G 1 4  0 . 2 85 4 6 7  
G 1 s  = 0 . 2 854 6 7  
G 1 6 G i  7 = 0 
G 1  a = G 1 9 = 0 
G 2 3 = 0 
G2 4 = 0 . 0 79 72 7  
G 2 s = - . 114 4 7 4  
G2 6 0 . 2 380 16 













G 2 9 = 0 
0 . 1 3 809 1 
- . 19 82 7 5  
- .  0 7 7 16 8  
0 . 060652 
- . 1 7 6 886 
0 . 2 069 9 0  
0 . 360388  
= 0 . 005469 
0 . 0 2 7 165 
= - . 0 16 0 5 7  
0 . 0 33339  
- . 0 139 3 4  
- . 0 45 3 11 
G 1 2 
G 1 3 
G ll• 
G 1 5 
G 1 6  
G i 7 
G i a 
G2 3 
G 2 4 
G2 5 
G 2 6 
G 2 7 
G2 s 
· G 3 4 
G 9 s 
G 3 6 
G 3 7 
G 9 a 
G ,. s  
G 4 6 
G 4 7 




0 . 2 0 7 19 7 
= 0 . 14109 3 
0 . 134 110 
= 0 . 164846 
= 0 
0 
= o .  2 19 9 0 3  
- . 3415 36 
= - . 1 15 6 2 1  
= 0 . 091011 
= 0 . 121445 
= - . 150 322 
= 0 . 1259 83  
= 0 . 0680 42 
0 . 2 02 8 18 
= 0 . 017556  
- . 0 3855 6  
= 0 . 14 548 7  
= 0 . 0 742 38 
= - . 0483 78 
= 0 . 069 5 6 3  
0 . 0 38380 
= - . 0244 0 1  
G 1 2 = 
G 1 3 








G 2 4 
G 2 s  




G3 5 = 
G3 6 
G3 7 = 
G3 .a = 







0 . 114 7 0 0  
0 . 2 380 16 
0 . 0 5 7 9 5 6  
0 . 0 6 72 6 7  
0 . 159 102 
0 . 0 82 4 5 6  
0 . 4 3 3 5 62 
- . 16 1 7 7 0  
- . 0 319 9 8  
0 . 0 84 70 4  
- . 0 8 7 8 40 
0 . 10 3830 
0 . 1 1 7 6 50 
0 . 01115 7 
0 . 0 8 3 3 7 7  
0 . 0 3062 7 
0 . 102 2 0 3  
0 . 0 7 85 2 3 
0 . 0 6 15 30 
0 . 2 1 55 6 1  
0 . 0 75 4 2 3 
Q . 0 9 2 109 
0 . 0 30 0 17 
G i .i.  
.G i s  
G i 6 
G i  7 
G i a 
G 2 3 
G 2 4 
G 2 s 
G 2 6 
G2 7 
G 2 a 
G 3 .,. 
G 3 5 
G 3 6 
G 3 7 
G 9 s  
G .,. 5 
0 
0 . 2 0 7 19 7  
= 0 . 14109 3 
= 0 . 106 9 76 
0 . 0 3 6 5 38 
= - . 08403Q 
0 . 161•088 
= 0 . 2 19 90 3  
= - . 34 1 5 36 
= - . 0 1 6 5 8 3  
0 . 16 3866 
0 . 165 2 5 7  
0 . 058014 
0 . 12 5 9 8 3  
0 . 065 2 10 
0 . 081811 
= - . 0 2 9 2 2 5  
0 . 19 35 30 
= 0 . 085817  
G .,. 6  - . 050040 
G 4 7 = - . 12 8 14 1  
G u  = 0 . 0889 7 3  
G s 6 = 0 . 09 2 350 
-G s  7 = - . 029 26 7 
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Table 63 .  continued 
A ·B 1 B 2 B 3  
Gs a = 0 . 040907 Gs a = o .  072188 Gs a = - . 082326  Gs e = 0 . 062 760 
G5 9 == ·- . 055608 G6 7  = o .  07935 6  G6 7 = - . 04649 5 G6 7  = 0 . 210410 
G6 7  = 0 . 2005 71 G6 e = - . 08 759 7 G6 a = 0 . 085676  G& s = 0 . 09 2609 
G6 e = o .  023720 G7 a  = - . 2177 5 3  G 7 a = 0 . 008� 86 G7 a  = - . 009446 
G6 9 = - . 066 343 . 
G7 a = = -. 0 7 7029 
G7 9 = 0 . 080384 
Ga 9 = - . 207475 
H 1 1  = -11 . 0807  H 1 1 = -8 . 47690 H 1 1  -8 . 4769 0  H 1 1 = -8 . 4 7690 
H2 2  = -11 . 9957  H2 2  = -11 . 9957  H2 2 = -11 . 99 5 7  H2 2  = -11 . 9957 
H3 3  = -11 . 9957  H3 3 = -13 . 4337  li3 3 = -12 . 1983 Hs s  = -13 . 4337  
li4 4 1 = -15 . 3628 H4 4  = -11 . 7238 li4 4  = -14 . 6922  li4 4 -11 . 7238 
H.5 5 = -15 . 7112 H5 5  = -12 .  9 120 H!S 5 = -11 . 8553  Hs .5 = -12 . 3992 
H6 6  = -13 . 2826  H6 6  = -12 . 5 830 H6 6  = -12 . 7664 H6 6  = -12 . 3038 
H7 7  = -12 . 8734 li7 7  = -12 .  3 19 6  li7 7  = -12 . 7820 H7 7  = -12 . 8388 
He e  = -12 . 5925 Ha e  = -11 .  8296 Ha e = -13 . 1789 Ha e = -12 . 1310 
Hg g  = -13 . 2542 
H 1 2 = H 1 3 = 0 H 1 2  = 0 H1 2  = 0 H 1 2 = 0 H i ,. -7 . 15026  H 1 3 -4 . 622 38 Hl. 3  = -2 . 55886 H1 3  = -4 . 622.�8 H 1 5 = -7 . 02908 H 1 ,. = -3 . 14766 H 1 ,. = -5 . 30992 H i 4 = -3 . 14766 H 1 6 ::a H i 1 = 0 H i 5 = -2 . 70 338 H1 s = -1. 1682 7 H1 !5 = -2 . 15640 H i e = Hi 9 =O Hi 6 = -3 . 3229 3 H 1 6 = -1 . 355 9 7  H 1 6 = -0 . 73654 
H2 s  = 0 H 1 7  = o . Hi 7  -3. 20715 H 1 7 = 1 .  6 9414 H2 ,. = -1.  88751  R i a = 0 H i e -1 . 662 14 H1 a = . -3 . 30765 H2 5 2 . 7 1015 H2 s = -5 . 20613 H2 s = -10 . 2644 H2 3 = -5 . 20613 H2 6 = -5 . 44531 H2 4 8 . 085 76 H2 ,. 3 . 82985 H2 ,. = 8 . 08576 H:z 1 -4 . 2 7992 H2 s  = 2 . 64517 H2 s  = 0 . 73204 . H2 !5 = 0 . 3 7939 H2 a = H2 9 = 0 H:z 6 = -2 . 08214 H2 6 -1. 93786 H2 & = -3 . 74892 li 3 4 = -3 . 26927  H:z 7 = -2 . 77840 H2 7 = 2 . 009 59 H2 1 = -3 . 78075  Hs .5 4 . 69411 H2 a = 3 . 43906 H2 a -2 . 37542 H2 a = -1 . 32 725 Hs 6  = 1 .  76544 li 3 4  -3 . 3415 7 H3 ,. = -3 . 12056  li3 4  = -3 . 3415 7 li 3 7 -1.  38760 H3 5 = -1 .  7 6139 li3 5 -0 . 2 89 09 li 3 5 = -1 .  68 748 
li3 e = 4 . 04680 H3 6 = -5 . 12792  H3 6 = -2 . 10507  Hs 6 = -2 . 06553 li 3 9 = -4 . 73551 li3 7 = -0 . 45351 li3 7 -0 . 79 360 li 3 7 = 0 . 75 72 7 H4 s = -9 . 57066 H3 a = 0 . 9 7 1 7 6 H3 a -2 . 58039 Hs a = -4 . 89 374 
H 4 6 = -0 . 14129 li4 5 = -3 . 6 7 5 7 7  li4 5 -1 . 98558 li4 5 -2 . 17257 li 4 7 = -0 . 68468 H4 6 = -1 .  88562 H4 6 = -1.  56035 H,. & = 1 . 25518 R,. a = 0 . 41480 H4 1 = 1 . 219 33 H� 7 = -5 . 45083 H,. 7 = 3 . 2 3525 H4 9 = -0 . 84027 H,. e = -1 .  75032 H4 e -1 . 9 12 6 7  H. 4 8 = -2 . 2562 8 Hs 6 = o .  35119 Hs 6 = -1 .  01089 R5 6  = -2 . 13240 Hs 6 = -2 . 1379 7 li5 7 . = 1 . 14010 Hs 1 = 0 . 599 85 Hs 1 = -0 . 74082 Rs 7 = o .  72231 H!5 a = -1. 03102 Hs a = .:..i .  7 115 3 H.s e = 1 .  86969 H!5 a = -1. 5 7 590 Hs 9 = 1 .  399 19 
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Tab le 63 .  con tinued 
A B 1 B 2 B 3 
H6 7 - -4 . 74256 H6 7 -1 . 869 24 f4 7  1 .  02084 H6 7 = -4 . 88947 
H6 a = -0 . 58312 � 8 2 .  06 7 79 H6 a -2 . 029 48  � 8 -2 . 19 373 
H6 9 = 1 .  5 729 3 li.7 e = 5 . 04901 H.1 a = -0 . 2 6 389 li7 e = 2 .  7 7 39 4  
H 7 e = 1 .  81441 
li7 9 -1 . 89 752 
Ha 9 = 1 .  39919 
Tab le 64 .  Energy levels for the irreducib le repres en tat ions 
of D 2 d-like D 2 s tructurea 
A B 1 B 2  B 3  
-3 . 32419 -1 . 45884 -0 . 2 7 181  -1 .  45884 
-- 7 .  7 7361  -6 . 54387 -6 . 5 7543 -6 . 54387 
-9 . 009 36  -8 . 8282 7 -10 . 05143 -8 . 8282 7 
-9 . 89004 -9 . 8137.9 -10 . 082 80 -9 . 81379 
-10 . 1 7 715 -11 . 45028 -12 . 80T34 -11 . 45028 
-12 . 0525 7  -12 . 9 1032 -13 . 179 33 -12 . 9 1032 
-15 . 82299 -16 . 21566 -16 . 11394 -16 . 2 1566 
-16 . 33602 -16 . 3729 7 -16 . 8519 7 -16 . 3729 7 
-19 . 0 15 38 
aTo t al electron b inding energy = -4 72 . 16 eV , gap to  lowes t 
unoccup ied level = 0 . 09436 eV. 
Tab les 65  and 66 give the res ul ts for a Il 4 d-like D 2 s tructure , 
calculated t rom as s umed qMo = 0 . 3298 ,  Mo 4d4 . 9 4 7 8 5 5s . 2 6 2 1 Sp . 4 6 0 2 5 ; 
qCN = - . 541225 ; qc = - . 241225 , C 2s · 2 0 2p 4 • 0 4 1 2 2 6 • Calcul ated values 
are qMo = 0 . 308608 , Mo 4d 4 • 9
6 6 1 0 8 Ss . 2 6 3 9 6 2  5p . 4 6 1 3 2 2 ; qCN = - . 5 385 76 ; 
qc = - . 2385 76 , C 2 s · 2 0 0 1 6 9 2p 4 • 0 3 8 4 0 7 • Elemen ts o f  the secular deter­
min an ts appear in Tab le 65 . Calculated energy levels app ear in Tab le 
6 6 .  
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Tab le 65 . Elements of the s ecular de terminan t s  GiJ ' �i ' 
and Hij for the irreduc ib le rep
res en tat� ons 
of D2 in the an tiprism configurat ion 
A · . B 1 . B 2 
B s 
G i 2  = G 1 s  = 0 G 1 2 = 0 G i 2  = 0 G i 2 = 0 
G i 4  = 0 . 282060 G i � = 0 . 169 349 G 1 3 = 0 . 11067 1  G i s  
= 0 . 238599 
G i s = 0 . 282060  G 1 4  = 0 . 169 349 G 1 4  = 0 . 238599 G i 4 = 0 . 110671 
G 1 6  = G 1 7 = 0 G 1 s = 0 . 160216 G i s = 0 . 037064 G 1 s a 0 . 084317 
G i a = G 1 9  = 0 G 1 6 = 0 . 160216 G 1 6  = 0 . 084317  G 1 6  = 0 . 0 37064 
G 2 s = 0 G 1 7 = 0 G 1 7 = 0 . 169 700 G 1 7  
= - . 0 69077  
G2 4 = - . 05 382 3 G i a = 0 G i a = 0 . 0690 7 7  G i a 
= 0 . 169 700 
G 2 s = - . 05382 3  G2 s  = 0 . 259906 G2 s  = 0 . 409 9 74 G 2 s  
= 0 . 151649 
G2 6 = 0 . 209 353  G2 4  = - .  259-906 G 2 4  = - . 15 1649 G 2 4  
= - . 4099 74 
G 2 z = 0 . 209 353  G2 s  = - . 090147 G2 s  = - . 13022 6 G 2 s  = - . 050829 
G2 a = G 2 9 = o ·: G2 6  = 0 . 090147 G2 6 = 0 . 050829 G 2 6  
= 0 . 130226 
G 3 4 = 0 . 224954 G2 7 = 0 . 175546 G2 7 = - . 0559 33 G 2 7 
= 0 . 132700 
G3 s = - . 224954 G2 a = - . 175546 G 2 a = 0 . 132 700 G 2 a 
= 0 . 0559 33 
G s 6 - . 085468 Gs 4  = 0 . 12 3121 G 3 4 = 0 . 113 39 7 G s 4  
= 0 . 11339 7 
G 3 7 0 . 085468 G3 s o . 09 1783 Gs s = - . 058330 G s s 
= 0 . 07 7523 
G s a = - . 171059 Gs 6 = 0 . 162257 G s 6 = 0 . 070 888 G s 6 
= o .  06 7179 
G s 9 = 0 . 17 1059 G3 7 0 . 05 3830 G �l 7 o ." 0 66134 G3 7 = - . 05 8038 
G 4 s = 0 . 343104 G3 e = - . 053830 G 3 a = 0 . 10209 2 G s s = 0 . 2 1089 1  
G4 6  = - . 048452 G 4 s  = 0 . 162257  G 4 s  = 0 . 067179  G lt s 0 . 070888 
G 4 7  ;:: 0 . 009 378  G4 6  0 . 091783 G 4 6  0 . 0 77523  G 4 6  
= - . 058330 
G4 e  - . 045400 G4 7  = - . 053830 G 4 7  0 . 21089 1  G c. 7 
= - . 102092 
G 4 9  = 0 . 045400 G 4 a = 0 . 053830 G 4 e  0 . 058038 G 4 a 
= 0 . 066134 
G s 6 = 0 . 009 378 Gs 6  = 0 . 070449 Gs 6 0 . 059 459 Gs 6  
= 0 . 059459 
Gs 7 - . 048452 Gs 7 - . 0833 81 Gs 7  0 . 0869 14 G s 7 
= - . 080484 
G s a = 0 . 045400 Gs a  0 . 083381 G s a = - . 15019 0  Gs a  
= 0 . 019 786 
G s 9  = - . 045400 G6 7 0 . 083381 G6 7  0 . 019 786_ G 6 7  
= 0 . 150190 
G 6 7  = 0 . 164446 G6 e  = 0 . 083381 G6 e  = 0 . 080484 G6 a  
= 0 . 0 869 14 
G 6 s = 0 . 07 7032 G 7 s  = - . 246249 G 7 a  = - . 0174 39 G7 a  
= 0 . 017439 
G 6 9  = -·. 077032 
G 7 e  = - . 0 7 7032 
G 7 9  0 . 0 7 7032 
G a g = - . 183349 
H 1 i = -11 . 139 5 H 1 i -8 . 50824 H 1 1  = --8 . 50824 H 1 1  
= -8 . 50824 
H2 2 = -12 . 1071 ·H2 2  = -12 . 1071 H2 2  -12 . 1071 H2 2 
= -12 . 1071 
H s s  = -12 . 1071 li 3 3  = -12 . 029 2 H3 3  
= -11 . 5675  li3 3 = -14 . 6014 
li4 4  = -15 . 6835 li4 4  -12 . 0292 li4 4  -14 . 6014 H4 4  
= -11 .  5675 
Hs s  = -:15 . 6 835 Hs s = -12 . 22 77  Hs s  = -11 . 79 7 1  Hs s  
= -13 . 0536 
H6 6  -13 .  2989 H6 6  -12 . 22 77  H6 6  
= -13 . 0536  H6 6  = -11 .  7971 
li 7 7  = -13 . 29 89 li 7 7  = -12 . 3034 li7 7  -12 . 5533  li 7 7  
= -12 . 8378 
H a � = -12 . 8037 He e  
= -12 . 3034 Ha e  = -12 . 8378  Ha s  = -12 . 5533 
li9 9  = -12 . 8037 
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Table 65 . continued 
A . . B i B 2 B3 
Hi 2  = H1 3  = 0 Hi 2 = 0 H1 2 = 0 H.i 2  = 0 
H 1 4  = -7 . 0 7483 H1 3  = -3. 78125  H1 3  = -2 . 4 7 109 
H.1 3  = -5 . 32 747  
H 1 s = -7 . 0 7483 H i 4 = -3 . 78125 . H 1 4  = -5 . 32747  H1 4  = -2 . 47109 
H 1 6 = H1 7 = 0 Hi s = -3. 2 3202 H i s = -0 . 74768  Hi s 
= -1 . 70092 
H i e  = H 1 9 :: 0 H 1 6  = -3 . 2 3202 H 1 6  = -1.  70092 H1 6 = -0 . 74768  
H2 s  = 0 H 1 7 = 0 H1 7 = -3. 42334 H 1 7 = 1 .  39 348 
H2 4 = 1 .  2 79 38 H i e = 0 Ri a = -1. 39 348 H 1 e 
= -3. 42 334 
H2 s = 1 .  2 79 38 H2 3  = -6 . 11798 H2 3  = -9 . 74513 H2 3  = -3 . 60470 
H 2 6  = -4 . 81062 H2 4  = -6 . 17798  li2 4  = 3. 60470 H2 4  
= 9 . 74513 
H 2 ; -4 . 81062 H2 s = 2 . 07145 � 5  = 2 . 99240 H2 s  
= 1 . 16798 
H2 e  = H 2 9 = 0 H 2 6  = -2 . 07145 H2 6  = -1 . 16 798  H2 6  
= -2 . 99240 
li 3 4  = -5 . 34T19 H2 7 = -4. 0 33 79 H2 7 = 1 . 28526 H2 7 = -3. 04924  
li 3 5  = -5 . 34719 H2 e  = 4 . 0 33 79 H2 e = -3 .  04924  H2 e  = -1. 28528 
H 3 6 = 1 .  9 6 39 3  li 3 4  = -3 . 26859 li3 4 = -3. 0 1040 li 3 4 
= -3 . 01040 
li 3 7 -1 . 9639 3  li 3 5 = -2 •. 33552 li3 5 = 1 .  46362  li3 5 
= -1.  9 7140 
H s e  = 3 . 9 3068 H 3 6 = -4 . 107 82 H 3 6 - i .  79 338 H � 6 = - 1 . 699 57  
H 3 9 -3 .  9 30 6 8  H 3 7 = - 1. 35 331 li 3 7 -1. 67815 tl3 7 1 .  47270 
H4 s = -9 . 12066 H 3 e = 1.  35831 H 3 a = -2 . 57998  H3 e = -5 . 34 170 
H 4 6  - 1 . 2 1769 li 4 5 = -4 . 10782 IL. s = -1 . 699 5 7  li4 5 
= -1. 79 338 
li 4 ;r  = -0 . 23665 H 4 6  -2 . 33553 H4 6  = -1 . 9 7140 H4 6  
= 1 . 46362 
H 4 e  = 1 . 14559 li 4 7 = 1.  35831 li4 7 = -5 . 34170 li 4 7 
= 2 . 5799 8 
li4 9 = -1 . 14559 li4 s  = -1.  35831 li4 9 = -1 . 472 70 H 4 e  
= . -1.  67 815 
Hs 6 = -0 . 23665 H s 6 = -1.  7 7374 Hs 6  = -1. 36819 H!5 6 = -1.  36819 
li5 7 = 1 .  2 1769 li5 7 = 1.  9 7441 Hs 7 = -2 . 06249 Hs 7 = · - 1 .  90990 
Hs e = -1 . 14559 Hs e = -1. 9 7441 Hs e = 3 . 48894 Hs a = -0 . 54150 
H s 9 = 1 . 14559 H6 7 = -1. 9 7441 H6 7 = -0 . 54150 H6 7 
= -3 .  4889 4 
H6 7 = -3 . 90206 H 6 e  = 1 .  9 7441 H6 a -1 . 90990 H6 e  
= -2 . 06249 
H6 e  = -1 . 82407 H 7 a = 5 . 74442 li7 e = 0 . 36 365 li 7 e 
= -0 . 36 365 
H 6 9 = 1 .  8240 7 
H 7 e 1 .  8240 7 
li 7 9 -1.  82407 
H a 9 = 4 . 33328 
Table 66 . Energy levels (eV) for the i rreducib le repres en t a­
t ions o f  D4 d-like D2 s tructurea 
A 
-2 . 4656 3 -2 . 46563 
-7 . 71332 -6 . 54967  
-9 . 54646 -8 . 70183 
-10 . 16 708 -9 . 74342 
-10 . 37212 -10 . 16708 
-12 . 38488 -12 . 38488 
-15 . 7 7 216 -15 . 9 3859 
-16 . 4 72 30 -:-16 . 4 7230 -
-�9 . 04241  
·" '-0 . 9 1759 
-6 . 56160 
-9 . 459 73  
-10 . 01238 
-12 . 71121 
-12 . 81620  
-16 . 16232 
-16 . 75 358  
-o . 91759 
-6 . 56160 
-9 . 459 73 
-10 . 012 38 
-12 . 7112 1  
-12 . 81620 
-16 . 16232 
-16 . 75358 
a
To tal b ondin g  e le ctron energy = -471 . 45 eV ; gap t o  lowes t 
uno ccupied leve l = 0 . 0000 eV . 
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